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I’HEFACK 


Till'  atuil;/  reported  herein  wan  conducted  f’rom  1 Au/:ur;t  19Tx'  to 
20  April  i97Y  at  the  U.  S.  Arm^'  Enr.ineer  Waterways  Experiment  Htation 
(WEi’i)  by  personnel  of  tiie  Environmental  Oystems  Diviniori  (E2D),  Mobility 
and  Environmental  Gyatem:;  Laboratory  (ME19L),  and  of  thie  Instrumentation 
Gervicer.  Division  (iGD). 

Tiie  work  wris  autiiorized  by  LTC  E.  R.  Hall,  Directorate  of 
Facilities  and  Ent: i net.-r i nr  (DFAE),  Fort  Carson,  Colorado,  and  supports 
tile  i'''.  rt  Carson  Lonr-Ftanre  Env  i roruiiental  I'ror.rfun.  The  overall  Prorr'irn 
Mana/'ers  at  Fort  Carson  were  Messrs.  D.  W.  Davis  (now  retired).  Land 
Manareraent  lirancli,  and  M.  K.  Halla,  Environmental  Office.  GOT  D.  L. 
Carpeuiter  arid  Ci’F*  R.  L.  Wilson,  Environmental  Office,  weekly  maintained 
the  water-quality  sensors  used  by  the  two  WEiF  field  stations  located  at 
Clover  Diten. 

Tile  instrumentation  and  metiiods  used  to  acquire  on-site  environ- 
mental Iiaseline  data  on  water  quality  and  meteorolopy  were  developed 
under  a Defiartment  of  tiie  Army  Project  LAI6212IA896  "Envirormiental 
Ouality  for  Construction  and  Operation  of  Military  Facilities;"  Task  01, 
"Einv  i ronmental  Quality  Manap.ement  for  Military  Facilities;"  Work 
Unit  006,  "Methodolory  for  Cliaracter ization  of  Military  Installations 
Environmental  Baseline,"  sponsored  by  tiie  Directorate  of  Military  Con- 
struction, Office,  Chief  of  Eiq^ineers  (OCE),  U.  G.  Army.  F’artial  cost 
of  the  Fort  Carson  work  that  pertained  to  environmental  monitoring  witii 
automated  field  stations  was  assumed  under  tiie  auspices  of  tiie  OCE  pro- 
(•rriiri  mentioned  above  as  researcli  necessary  to  field-test  and  furtiier 
refine  tiie  equipment  and  procedures. 

Tills  is  one  of  six  reports  of  a series  entitled  "Environmental 
Baselitie  Descriptions  I'or  Use  in  tne  Manai^ement  of  Fort  Carson  Natural 
Resources."  The  individual  reports  are  as  follows: 

Re[)ort  i.  Develofiment  and  Use  of  Wildlife  and  Wildlife  ilabitat 
Data 

iieport  2.  Water-Quality,  Meteoroioj'ic , and  Hydrologic  Data 
Collected  witii  Automated  Fielcl  Gtations 

2 


Heport 


inventoi'y  and  Ar.Liesjament  of  Current  Methods  for 
Hnncelund  Conservation  and  Hestoration 

Heport  A.  Anaiysii;  and  Asscssmerit  of  Coil  Erosion  in  Selected 
Waterslieds 

Heport  5-  General  Ceolof^y  and  Seismicity 

Report  6.  Description  and  Use  of  a Comjiuter  Information  System 
for  Environmental  Baseline  Data 

The  work  was  conducted  under  the  direct  supervision  of 
Messrs.  H.  W.  West,  Droject  Engineer,  and  J.  K.  Stoll,  Chief,  Environ- 
mental Simulation  Branch  (ESB),  ESI),  and  under  the  general  supervision 
of  Messrs.  B.  0.  Benn,  Chief,  flSD,  and  W.  G.  Shockley,  Chief,  MECL. 

Messrs.  H.  M.  Floyd  and  D.  E.  Tingle,  IDD,  were  responsible  for 
the  installation  and  monthly  maintenance  of  the  automated  field  stations 
used  to  collect  water-quality,  meteorologic , and  hydrologic  data. 

Mr.  M.  H.  Smith,  ESB,  was  responsible  for  processing  the  water-quality, 
mctcoi'ologic , and  hydrologic  data  collected  with  automated,  field  stations. 
This  report  was  prepared  by  Messrs.  H.  W.  West  and  H.  M.  Floyd. 

COL  0.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE,  were  Directors  of  the 
WE;S  during  the  study  and  report  preparation.  Mr.  F.  R.  Brown  was 
Technical  Director. 
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Rainfall  A1 
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Wind  Direction A7 
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c.)mvkk;:iom  factok:',  u.  cuf.toJ'IAHY  to  ;cfthic  ;r.f)  Aun 


MKTHIC  (r.I;  TO 

U.  f.  CtJGTOMAHY  UriiTO 

OF  MF.’AfiURK'U'iHT 

'■nit.-  of  mea.:urt;incnt  used 

in  this  report  can  be 

converted  as  follows: 

Multiply 

By. 

To  Obtain 

U.  0. 

Customary  to  Metric 

(01) 

i:.j;.es 

25. !» 

millimetres 

inciics 

2.'yh 

centimetres 

feet 

0.  30J*8 

metres 

miles  {U.  0.  statute) 

1.6093^*1* 

kilometres 

i 'Unis  (mass) 

O.U  53592^4 

k i log, rams 

]artj  per  million 

1.0 

milligrams  per  cubic 
metre 

miles  (U.  0.  statute)  per 
iiour 

1.6093i*l4 

kilometres  per  hour 

degrees  ( atigular ) 

0.01745329 

radians 

Fahrenheit  degrees 

0.555 

Celsius  degrees  or 
Kelvins* 

Metric  (SI)  to  U.  S.  Customary 


micrometres 

3.937007  lO"^ 

inches 

cent imetres 

0.3937007 

inches 

metres 

3.280839 

feet 

k ilog.rams 

2.204622 

pounds  (mass) 

grams  per  litre 

8.345 

pounds  per 

1000  gallons 

* To  obtain  Celsiuc  (C)  temperature  readings  from  Fahrenheit  (F)  read- 
ings, use  the  following  formula:  C = (F-32).  To  obtain  Kelvin 

(K)  readings,  use:  K = 0.555  ( ^59.67). 
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E:;viHo;<MK:n'Ai,  »a::kli:jk  i^r.cHirTiori:'.  koh  ijl:k  r;i  thk 


MAMA'-.KMKri'r  OF  FORT  CAHIIOH  r.'ATURAL  HK::OUHC!-r. 

aATKH-..:UALITY,  mktkoroloiic,  and  hylkolooic  data 
COLLECTED  WITH  AUTOMATED  EIELD  CTATrONC 


DAHT  1:  INTRODUCTION 


B'tcki'roun'l 


1.  Tho  Department  of  the  Army  ref'ulation  AH  200-1  requires 
Directorates  of  Facilities  Enpii neer itir,  (DFAE)  to  act  responsibly  in 
manai-' i rif'  installations'  natural  resources  by  complyinf;  with  Federal, 
state,  iriterstate,  and  local  standards  for  ^iinbient  water  quality  and 
water  emissions.  In  accoi'dance  witii  Cubpart  C of  the  regulation,  tiie 

ur  lUU^  L lluiiLiIjr  OI  Writer  pO  Lu-Uu  iOii  Ulii  JUiylliio  oik 

pollutant  emissions.  Installations  t.hat  do  not  meet  current  stan'laris 
must  furnisii  an  Environmental  Rollution  Control  Report  (HCC  DD-I  't.  L 
(.CA)  1088)  proposinr  remedial  measures  for  the  pollution  proijleni.  Tihe 
DFAE  at  Fort  Carson,  Colorado,  in  developiru';  a lon/^raruie  envirorm'.ental 
.manai’;ement  [roprain,  requested  that  the  U.  C.  Army  Enpineer  Waterways. 
Experiment  Utation  ('WEE)  acquire  water-iiual  ity , meteorolopic , and  hydro- 
lopic  data  to  assist  in  deternininp  tiie  characteristic;;  of  the  s.urface 
waters  tiiat  exist  on  or  pass  throuph  the  installation  and  to  j'rovide 
juantitative  data  to  sup[iort  the  installation's  natural  resource 
m.anapement  {>rop,r'ims . 

2.  Tiie  WEE  iias  developed  and  field-te-sted  a reliable  inst,ru!::ented 
envirorunental  data  system*  to:  (a)  sense  arid  record  on  mapiietic  cassette 
tape  seler'-'id  environmental  dat.a  on  site,  in  real  time,  and  at  S'uriplinp 
rates  selected  by  tiie  user;  (b)  sort  and  store  the  recorded  data  for 


* For  a detailed  descr i jit ion , see  H.  W.  West  and  H.  M.  Floyd,  "An  Auto- 
mated Eystem  for  Collecting,  Processinp,  and  Disjiiayinp  Environmental 
Baseline  Data,"  Teciinical  Report  M-T6-il,  U.  S.  Army  Engineer  Water- 
ways Experiment  Etation,  CE,  Vicksinirp,  Miss.  39130. 
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oom;iu*.''f  t!'  i nr  ■ui'i  r''t,rievai;  and  (c)  display  the  r-'^coi'd'"!  data  in 

talular  in'  rrap!,!''  I'ormat:'  pi -c  i !' i>'fl  by  th>'  uin'r.  To  a,  lai'ro  '“xtont, 
the  .'yr.tfr.  upi-ratc:'  automat  i call;/  and  uubjt.ant  iaiJy  redunc-a  tiic  coat:; 
an  i iiicurtaal  in  manual  data  rccordiriK  and  handLinp.  Tiiis  :;y;;tem, 

aUfT.'-nto  i by  ocoa;-.  ionai  manual  namplinpa,  wa:,;  unod  to  moanure  and  record 
lata  watiu'  piality,  meteoroiopy,  and  hydrolopy  for  tile-  proprain  de- 
.■.■rit.  (.1  tie- re  in. 


i*urpo:;e  and  Dcope* 

.-i.  Tills  report  describe's  the  rationale  used  in  select inp  the 
wite-r- juai  i ty , meteorolop-;  i c , and  iiydrolopic  [larameters  tiiat  were  mea- 
.'uri'l  -tnd  re-corded  and  tile  system  of  instrument.';  used  for  data  collec- 
tion. Al:30  included  -tre  examples  of  the  detaiied  data  tiiat  were 
collected  and  sent  to  DKAE,  Fort  Carson,  Colorado,  at  approximately 
five—  to  seve-n-woek  intervals  durinp  the  study,  i.e.  from  20  iioveinber 
I'i'Cy  throu/tii  20  April  197’'.  Kxfample  data  are  presented  on  selected 
; ai-'imeter.s  and  analyses  made  duririp  the  data  compilation. 
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i'AH'l'  I!:  lATA  C()I,1,KC'!' 1 ' 'i;  IK'/'.HAN: 

. The  i'lt'i.  '-’oilecl.  ion  nt  Fort  f’'irr,on  wnn  coiid  ictoii  in 

ihin.'*.'  ili'ti-t'c:  r 'I'raR  -It-l'init  ion , i roKfini  executioii,  arri  ilntn 

rt- 1 1 '.n  -irjil  ; ren'-ntnt.  icjn.  'i'iiene  [.ij.ur.e;;.  ar*.-  iincunsfl  in  tiie  foliowirn' 


i'fo.'r'un  Ucf’inition 


. T!io  t rocr-u;!  definition  j hase  of  tiie  work  involved  the  selec- 
tion of  (a)  par.-urieterr.  to  be  measured,  (ii)  methods  and  frequency  of 
meas’urementr. , and  (c)  selection  of  data  coliectio:i  sites, 
i'ar'ciieter  selection 

6.  As  stated  in  paraf^irapii  I,  the  dat.a  obtained  were  to  determine 
tiie  i’uaiity  of  the  suri'ace  waters  an  1 to  [rovide  meteorolor.ical  data 
important  to  riatuval  ie.juurot.-  rTianaf.'v.rr,.-nt . Because  the  data  •-•erf'  to 
support  tiiese  ratiier  broad  objectives,  it  was  imi'ortant  to  select  {larsini- 
i.'ters  tliat  could  provide  information  relevant  to  a variety  of  specific 
management  (-•.oals.  For  exfumj-ie,  water-quality  data  were  needed  to  deter- 
mine if  e!‘!'Luent  from  specific  pollution  sources,  ('.ir.  the  veiiicle  wasii 
racits  arid  tire  seware  treatment  piaiit , caused  extensive  water-quality 
leterioratioii.  Furttier,  it  was  desired  tiiat  only  a small  number  of 
i arumeterr.  be  measured;  tli<-refore,  tnese  parameters  iiad  to  be  fr;ood  indi- 
cators of  general  water-quality  conditioris.  AiiOtlier  reijuirement  was 
triat  tiie  arumi.-ters  be  measured  and  recorded  continuously  to  ra;  ture  tiie 
dyn.-uriics  oi’  tfie  water  quality  at  variou.s  times  o;'  lia.y , seasons.,  etc. 

'file  !'rima:-y  r.oais  of  natural  resources  manar.ement  include  curtaiiinr 
wind  arid  water  erosion,  reestatilisiiing  vecetation  in  areas  tiiat  are 
luriden-foirn"  iieavy  military  use,  and  enhanciiip  wildlife  iiabitats.  To 
■achieve  these  t-'ioals,  current  m.an.apement  pr.actices  at  Fort  Carson  rely 
iieaviiy  on  improviri;.’  tiie  ve{a-tatiori  cover  and  density.  Tiierefore,  tiie 
meteorol'jKioal  {!ar.a.meters  selected  for  study  were  tiiose  of  imiiortanco 
to  re'istatiiisiiin/'  vef-'etation,  '■nhancinp  wildlife  liaiiitats,  and  aiialyz- 
inr  .;urface  runoff  and  soil  erosion  rates. 
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loott.-'i  !'or 
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laHlity  The  water- juaiihy  ]-ar.’tmeter;: 

.'tU'l.v  Were  ii;;solve.i  oxyceii  (l).0.),  water  tem|j<;ratur",  hylro- 
f'C!.  Lou  oonoeiitr.ation  (hii),  and  conductivity,  duri'ace  water  norr.ally 
contaiiiu  con.: iderabie  •■uiiounts  if  oxy'jjen  in  solution,  the  amount  beinr, 
.'.trorii'.iy  de{ietidcnt  on  tlie  water  temijcrature  and  the  oxy*^en  de-mani  of 
poiiutirir;  material.  ilatural  ctre'una,  iiowever,  can  reaerate  or  rei^lenioh 
oxy,;en  as  the  oxyF.cn-defic ient  water  surface  comes  in  contact  witii  t.he 
atmosp'nere . Tiie  reaeration  rate  increases  directly  as  a fiunction  of  the 
■emount  of  oxygesi  deficiency  and  stream  tiii'bulence.  If  the  stream  has 
submersed  plants,  piiotosynthes is  may  increase  oxygen  content  si^nifi- 
cantly  during  the  daytime,  but  respiratory  activities  of  plants  and 
animals  and  oxidation  of  organic  matter  often  offset  this  contribution. 
Also,  oxidation  from  inorganic  material  will  tend  to  deplete  the  D.O.  iri 
trie  stre:im.  Under  stable  conditions,  the  oxidation  process  will  exhibit 
a diurnal  cycle  reflecting  temperature  fluctuations  and  photosyntriesis- 
resp'iration  relations.  T.hus , monit  >ring  of  D.O.  in  .surface  waters 
! I'ovides  a good  indicator  of  ntre'ur.  coirlitions,  and  radical  changes 
signal  tile  need  for  furtiier  moi.itoring  ar.  i investigation. 

8.  In  general,  solubility  of  oxygen  varies  with  temperature; 
therefore,  interpretation  of  D.O.  values  must  always  be  made  witii  tiie 
corresponding  temperature  values  in  mind.  /Uiso,  temperature  has  a 
sigyiificant  impact  on  metabolism,  diffusion,  and  ciiemical  and  biociie.mi- 
cal  reactions. 

9.  Monitoring  of  pii  has  wide  applicability  for  the  study  of  water 
;iiid  wastewater.  Extremes  in  pii  can  result  in  fish  kills  and  other 
significant  changes  in  the  flora  and  fauna  in  streams.  Also,  extreme 

pii  levels  can  cause  modification  in  nutrient  solubility  and  formation 
of  precipitates , etc.  A pii  range  from  6.5  to  8.0  Is  considered  normal 
for  biological  life,  and  values  ranging  from  6 to  9 are  acceptable  for 
many  aijuatic  animals. 

10.  The  electrolytic  conductivity  of  a solution  is  a measure  of 
its  ability  to  carry  a current  and  is  therefore  directly  proportional 
to  the  concentration  of  all  ions  from  whatever  source  in  the  solution. 
Monitoring  conductivity  provides  a way  to  detect  gross  changes  in  water 
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'.'oriiiit  ioni')  :;ach  h:;  mif’-ht  (iccur  becriuiie  of  a ma.jor  spill  of  a soluble 
ohesiioal  . 

1 ! • ‘'’  teoroloK i c par-L-neters . The  meteoroloi'ic  par'iiTieters  ttiat 

Wire  selectoii  for  data  collection  included  rainfall,  wind  speed  and 
dir-  sbion,  air  tenperaturo , and  solar  radiation.  The  rainfall  p'attern 
on  bin-  '-'..rt  '.'arson  Reservation  is  not  well  known,  and  attempts  to  ex- 
trapolat's  rainfall  from  existinr  Piaffes  have  iieen  unsatisfactory.  Addi- 
tioiial  knowie  if’e  of  local  rainfall  conditions  is  needed  both  to  select 
tiie  veretation  species  and  irrigation  sites  tiiat  eniiance  wildlil’e  feod- 
inr  areas  and  to  impvove  the  design  of  sediment  basins,  l.’ims,  etc.  Wind 
speed  and  directioij  patterns  were  selected  to  jirovile  data  for  locating 
windbreaks,  extraiJOlat  ing  rainfall  patterns,  and  estimating  the  -imount 
of  material  removed  by  wind  erosion.  The  air  temperature  and  solar 
radiation  data  will  aid  in  selecting  vegetation  species  that  correspond 
to  tiie  temiierature  and  solar  radiation  patterns  at  Fort  Carson. 

12.  hydrologic  parameters.  Water  levels  in  two  sediment  basins 
were  measured  to  provide  a basis  for  analyzing  the  relations  of  preci- 
pitatiori,  surface  runoff,  and  sediment  yield  for  two  small  waterstieds . * 

Methods  and  fre- 
uuency  of  measurements 

Id.  Two  methods  were  used  to  collect  data  on  tiie  selected  parfuii- 
eters.  The  primary  method  made  use  of  an  automated  field  station  con- 
sisting of  one  32-channel  Lockheed  Electronics  Company**  (LEC)  101-R 
digital  recorder  (Figure  l)  interfaced  with  appropriate  transducers  tiiat 
converted  tlie  sensed  phenomena  to  a recordable  electrical  signal. 
Appendix  A provides  a description  of  all  the  transducers  used  with  the 
LEC  field  stations  during  tlie  study.  A second  metliod  was  to  use  the 
Slime  transducers  as  tiiose  used  with  the  automated  field  station  but  to 
make  the  measurements  manually,  i.e.,  the  outputs  of  the  water-quality 

* M.  i'.  Keown  and  11.  W.  West,  "Environmental  Baseline  Descriptions  for 
Use  in  the  Management  of  I'ort  Curaort  Natural  Resources,"  Teclinical 
Report  M-Y'i'-  , Report  U , "Analysis  and  Assessment  of  Coil  Erosion  in 
Delected  Watersheds,"  .Tuiy  1977,  U.  G.  Army  Engineer  Waterways 
Experiment  Gtation,  CE,  Vicksburg,  Miss. 

**  Ixickiieed  Electronics  Company,  Azusa,  California. 
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St'LClMCftTIO-,:. 

• ■ :.I'1  ’ v- 

• S.i".  c 

• )j-,i  ing  s ' • ; . 

;?f'  : - • 

• I'  sc_'  1 ■ 

ff-ll.iVf  i'  " I'!'  ''.I' 

• D.r  ,1  iji  ; . ..issfV'’ -fv  '.ft 

• A‘'.gh:  - jr‘  9 

• Siz<’  - li-  ■ . 


Kii'ure  i.  LKC  moJt.*!  iOl-H  station  ar.i  r.j.oc  i ‘.'i  cat  Lon.: 

t in  s luo  read  with  a portaMe?  ii.;:lay  rnete-r,  and  the  iata  were 

reeorie-a  .'naiiaaliy  on  a data  sheet.  .Most  o!’  t.he  automated  field  stations 
w*j>-e  ^3et  to  record  iata  at  00-rnin  intervals;  iiowever,  some  iata  were  .mea- 
surei  a.n  i recor.iei  usinr  a 30-r:iin  interval  (see  tabulation  in  : ara- 
.-•ra:  IT).  .Manual  readiiu:.'  were  taken  once  between  lOi-  a.n  i ilOO  hr  on 

IL)  March  1976  at  10  ::ites  aloiu:  Clover  Ditch  (i'irure  . ).  Mai.ual  read- 
i.ny.s  were  taken  also  at  two  of  the  same  sites  (.sites  b aii  i lo)  at  four 
ii  I'ferent  times  (DO  h-  vemter  and  11  December  1979,  lb  -Dinuary  ant 
8 r'ebruary  197b)  durirn;  the  study. 

■ '■Ite  .:electioti 

ll.  The  locatiotiS  o!'  tiie  water- jual  i ty  and  mete  .>•  .>l-),:ical  r.ites, 
al'c.r  wit'ti  tiic  dates  the  data  collection  was  initiat'.-i,  are  listed  l>eL  w. 


Automated 

Field  Mtutlon 

*'  i ten 

.'.ite  Type 

bocat ion 

Djite 

installed 

Date 

Dis.assembled 

Milit'iry 
’.ri  1 

'o.  ird  ; t.ate.  * 

Me  t eo  roloK i ca 1 

Hed  Devil 

20  Dov  l')/’9 

11  M.ay  loTb 

07bt.'  it 

Mete'  >rolot^,  i c<al 

Turkey  Creek 

20  ilov  1979 
^ cont inued) 

11  May  1970 

Ido''  it 

» Ma[.  series  77710;  scale  1:90,000  (Fort  ('arson  and  vicinity!. 


1 


I 


I 

1 


nuluin-Lli- i Kit.-i  J 

.’tat  ion 

, Concla  I'-'i) 

. ' i t,  e 'i'y  r o 

L'jcat  i ori 

Date 

I nr,  tailed 

Date 

Di  Gasroml.ied 

Mill tary 
if  i d 

Coor  linates 

y.i-t'  or  'Lo/'lo'il 

Hod  Dovil 
;’>odimo!.t 

Bas  in 

12  May 

1976 

Active  at 
the  date 
of  thin 
report 

068683 

Meteoroloric.'ii 

'i’urkey  Creek 

Cod  Lrnent 

BaL3  in 

12  .May 

1976 

Active  at 
tiie  date 
or  thin 
report 

iSj^hk 

n>iti-'r-yu:ii  ity 

Clover  Ditch 
;jo.  10 

20  Nov 

1979 

Active  at 
the  date 
of  this 
report 

222856 

W;it.or-..Ufiiity 

Clover  Ditch 
rio.  6 

12  May 

1976 

Active  at 
the  date 
of  ttiis 
report 

225858 

.Manually 

Recorded  2 i tes 

Clover 

Ditcii 

Military 

Cite  Type 

Cite 

No.  Data 

Collection  D.ate 

if  id  Coordinates 

Water  .quality 

1 

25 

M.ar 

1976 

11*5860 

2 

25 

Mar 

1976 

155861 

25 

Mar 

1976 

165860 

1. 

25 

Mar 

1976 

185859 

5 

25 

Mar 

1976 

220858 

6* 

20 

Nov 

1975 

215858 

6* 

11 

Dec 

1975 

215858 

6» 

16 

.Tan 

1976 

215858 

6* 

8 

Feb 

1976 

215858 

6» 

25 

Mar 

1970 

215858 

7 

25 

Mai’ 

1976 

2 i5858 

8 

25 

Mar 

1976 

360851 

9 

25 

Mar 

1976 

31*0855 

10» 

20 

Nov 

1975 

21*5859 

10* 

11 

Dec 

1975 

21*5859 

10* 

16 

Jan 

1976 

21*5859 

10* 

8 

Feb 

1976 

21*5859 

10* 

25 

M.’ir 

1976 

21*5859 

* Location  of 

automated  field  station: 

1 • 

12 


t 


l‘>.  W-jt.i'f-  in:i,Iit,y  .-.i  Hot.ti  t^hc  I ruri  m.'UiUHl 

.■uri'mrti*,  wt'i.-  locit.i' 1 .-lion,'  i’Iov’T  Ditch,  p-i.c;  i nr  from  tiic  nortii- 

W’\;t  to  r.outticnrt  -ilonr  tiic  r>outii  cri'i  of  t)i*'  mnln  c-'intonmont  'iron  nt 
i'fift  Crirr.on.  Clover  Ditcii  crooner,  tiie  enotern  boiinlnry  of  Fort  Caroon 
■mi  I'mptien  into  Foimtnin  Creek,  -^^iiicii  flown  in  n ooutiierly  direction 
•ilonr  Fort  Cnroon's  eastern  edr:e.  I, eon  tiian  '2.  mil'.-.'*  from  ttie  ear, tern 
bomi.iary , tiie  i nr.t.'iliat  ion  ti-ir.  t-wo  nourcer.  of  efl'luent  th.at  flo'w  into 
Clov'.T  i)itch  drainini_:  of''  the  reservation  into  Fountain  Creek.  These 
t ’wo  sources  are  tiie  sew-ir.e  treatment  pl.-int  and  the  military  vehicle  wa;;.h 
r’t'.'k.',  located  at  turid  coordinates  2228C9  and  220860,  respectively.  IV-j 
•lutom.-itic  record i nr  stations  were  located  b'.-low  the  outfalls  of  tiie  sew- 
■ire  treatment  plant  and  tiie  veiiicle  wash  racks  (Firure  2)  to  provide 
i’lta  on  tlie  relative  derradation  of  w.ater  'juaiity  in  Clover  Ditch  caused 
by  eacii  potential  pollution  source.  Firures  ■!  and  h show  tiie  individual 
loc.ations  of  the  two  autom.ated  stations.  Because  normal  water  flow  in 
Clover  Ditcli  is  low,  tiie  locations  selecte'l  for  tiie  autom.ated  field  sta- 
tions were  in  deeper  water  areas  to  en.iure  tii.at  tiie  witer-viuality  probes 
W'.-re  always  submerred.  Tiie  eirht  manual-collection  sites  (Fi/’iure  2) 

W'-re  .selected  to  provide  data  on  -water  quality  tiirourtiout  Clover  Ditcli 
from  a point  above  tiie  wash  rack  outf.ali  to  a p-i  int  Just  before  Clover 
Ditch  empties  into  Fountain  Creek.  Tiiese  dat-i  illu.-.trate  tiie  fluctua- 
tions in  water  quality  alonr  Clover  Ditcli  tiiat  c-iti  occur  witii  respect 
to  tiie  locations  of  the  outfalls  and  tiie  -lutomatic  i-ita  recordinc  sta- 
tions. Additional  data  oi'  tliis  type  are  requir-<-d  to  develop  trends 
l)>-tween  flow  discliarf.'e,  automated  station  record  inr-.s , and  water-quality 
[rofij.es  for  the  appropriate  readies  of  Clover  Ditch  and  Fountain  Creek. 

i6.  Meteorological  sites.  The  meteorological  data  recordirp’;  sta- 
tions were  located  at  Bed  Devil  (Figure  b)  and  Turkey  Creek  (Figure  6} 
to  [irovide  data  on  tiie  meteoroloj-'ical  conditions  alonp;  tiie  western  and 
soutiiern  boundaries  of  tiie  reservation.  These  data  will  auf;ment  those 
meteorolofiical  data  presently  beitiR  coilecte-i  at  Canon  City,  Penrose, 

* A table  of  factors  for  convertiric;  U.  3.  customary  units  of  measure- 
ment to  metric  (31 ) units  and  metric  (31)  units  to  U.  3.  customary 
units  is  [ireserited  on  [>age  6- 
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A 


SENSOR 


• Conductivity 

• DissV.ed '.xr? 

• ’'e"pera;uti; 


Rainfall 


SENSORS 


• Conductivity 

• Dissolved  oxyge 

• Teoipetatiiie 


SENSORS 


• Wind  speed 

• Wind  direction 

• '\ir  temperature 

• Rainfall 

• Solar  radiation 


I'ueblo  Airport,,  Hut,t,.-  Airt’ioi'l  (Fort  Carr, on),  and  Colorado  ;;[a'in/>;r> 
Airport  to  permit  development  of  a more  accurate  description  of  climatic 
conditiona  tliroupliout  tlie  reservation.  In  .addition  to  ttie  two  WEC 
neteorolop.ical  stations  discussed  above,  a rain  r.afp-.-  was  installed  with 
the  water-quality  sensors  at  Clover  Ditch  site  10  (Fip.ure  2).  As  stated 
in  parap.rapii  iU,  the  Ked  Devil  and  Turkey  Creek  automated  field  stations 
were  mewed  to  new  locations  on  11  May  1976.  Tiiese  locations  are  the 
sediment  basins  that  were  being  used  by  the  WF,o  to  study  the  relations 
lietween  precijiittition,  natural  terrain  and  land-use  factors,  surface 
riinoff,  and  sediment  yield.*  The  relocateii  field  stations  (Figures  7 
and  8)  were  used  to  record  water-surface  elevations  in  the  sediment 
basins  and  meteorological  data  (see  paragraph  11 ). 


Prograin  Execution 


17.  Tile  execution  phase  of  the  program  included  installing  and 
maintaining  t.he  automated  field  stations.  Tiiis  work  was  accomplisiied 
cooperatively  by  WE.C  and  DFAE  (Fort  Carson)  personnel.  DFAE  personnel 
routinely  ciiecked  tlie  performance  of  the  field  stations  and  maintained 
tiie  water-quality  sensors  at  Clover  Ditch  sites  6 and  10.  MFC  personnel 
made  periodic  visits  (^i-  to  6-week  intervals)  to  the  sites  to  [lerform 
routine  maintenance  and  make  necessary  eejuipment  repairs.  Tiie  progr-un 
was  conducted  from  approximately  20  November  1975  Co  20  Afiril  l/ff  and 
is  coritinuing.  It  iias  resulted  in  tiie  accumulation  of  a cons  ideralile 
!unount  of  data.  Data  collection  yieriods  and  sampling  intervals  are 
listed  by  cassette  tape  numbers  in  tiie  following  tabulation. 


• Keowri  and  West,  op.  cit. 
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Wind  speed 
Wind  direction 
Air  temperature 
Solar  radiation 
Rainfall 


• Water 
stage 
sensor 


SENSORS 


• Autoruntf'il  I’icLi  .'.t'tti.jn  at  Turkey  Cf'-.'k 
wuti-rr.hf ‘.i  rci  imeiit  bur.  in 


• Vfate- 
stage 
sensor 


SENSORS 


Wind  speed 
Wind  direction 
All  temperature 
Solar  radiation 
Rainfall 


1;) 

ii 

i? 

li 

I';' 


i 

i 


C 

7 


8 

10 

11 

i8 

i't 


!<'ii:i  Cojicijt  L 'll  i'i'fi'id*  o^ui.pi  i nr,  i nt-.'rv-ti  , rriir. 

Koij  Devli  r't.-ttioii 

’i  'V  'r'-iO  Iit^c  7t>  '"'0 

11  Dec  -Diri  76  t'J 

if.  Jan  7'-  5 Deb  76  '/') 

Feb  ' Mar  70  b(/ 

2 Mar  7* M.ar  76  00 

Mar  7<<-i9  Aiir  76  6o 

21  A(  r 76-12  May  76  60 

ReJ  Devil  Pediment  Haciti 

11  May  76-.:  1 Juii  '^■6  60 

i Jun  76-  i (iur.  76  60 

i Aufj  76-  9 Mejj  76  60 

9 Dep  76-li  Oct  76  60 

i8  Nov  76-16  Dec  76  60 

16  Dec  76-2'i'  Jan  77  60 

18  Feb  77-17  Mar  77  60 

18  M.ar  77-20  Apr  Tf  60 

'Dirkey  Creek  Station 

20  Nov  79-  i Dec  75  60 

10  Dec  75-27  Dec  75  60 

15  Jan  76-22  Jan  76  60 

5 Feb  76-  9 Feb  76  60 

3 Mar  76-2i  Mar  76  O') 

21  Mar  76-21  Apr  76  60 

21  Apr  76-11  M.ay  76  60 

'l\irkey  Creek  SeJiment  B.ajifi 

12  .May  76-2i  ..run  76  69 

25  Jun  76-  i Aufi;  76  60 

i Aup,  76-  7 Mep  76  60 

9 Gep  76-  7 Oct  76  6.1 

18  Nov  76-16  Dec  76  60 

18  Feb  77-18  Mar  77  oO 

18  Mar  77-20  Apir  77  60 


( Continued  j 

* Field  Litatioii  rn.ai  funct  ionn  reanxlted  in  nome-  lonnen  ol’  dat.a  on  .all 
r.ensor:;  durinc;  the-  ntudy,  arid  the-r.e  ionnen  ol’  dat.a  ata.-  indicated  by 
rapr.  in  the  data  collection  periodn  for  each  station.  For  ex:uni'le>, 
at  the  Turke-y  Creek  J.tation,  there  h;  a ('ap  betweeti  3 and  10  December 
1977  Indicating,  a loco  of  data  for  a 7-day  period. 
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Datit  Col  Ic'ct,  ioii  I'-fio  j 


i'ittU.'  liO. 


uriplirii’:  1 , rahi 


Clovi.'i-  OiPch  rtrtt  i oil  H) 


\ ** 

I'eb 

•'ro~ 

Mar 

7b 

iO 

L. 

M'lr 

■j'f 

M'tr 

76 

30 

3 

29 

Max- 

76-  7 

A!  r 

76 

30 

h 

13 

May 

(•b-21 

Jun 

76 

30 

9 

2h 

■hxii 

7^  -29 

Jul 

7t' 

39 

f • 

J1 

Au,-; 

Tb-  8 

M) 

76 

<90 

1 

<) 

■■'-I' 

y -13 

Oct 

76 

6 ) 

8 

13 

Oct 

7 b- 17 

'lov 

•.’6 

OC; 

i 

18 

hov 

76-19 

Dec 

76 

69 

10 

19 

Dec 

76-,  7 

Jan 

77 

90 

11 

i’7 

Jan 

77-;  ■ 

Feb 

77 

60 

1.' 

17 

i''eb 

77-19 

Ma  r 

77 

60 

1 1 

19 

Max- 

77-19 

Apr 

77 

60 

Clover  Ditcl 

1 Otatioxi  Cite  b 

1 

13 

May 

76-22 

Jun 

76 

30 

) 

29 

Jun 

76-  9 

Auf, 

76 

30 

3 

9 

Auf-; 

76-  8 

76 

60 

h 

0 

Dep 

76-13 

Oct 

76 

60 

9 

lU 

Oct 

76-16 

!iov 

76 

60 

r, 

17 

;iov 

76-19 

Dec 

76 

60 

7 

19 

Dec 

76-16 

J-ui 

77 

(.0 

8 

27 

Jaxi 

77-19 

Feb 

77 

60 

<4 

17 

Feb 

77-19 

F'.-b 

77 

60 

10 

1 ) 

Mar 

77-19 

Apx- 

77 

tf.  ' 

:io  v'lLi'l  iuta  were  obtHinod  jirior  to  6 February  Id’i’fi  au  a reuult  o!' 
e jui  prnt.-rit  maJ  t'urict  ionu . 


Wat>,-x'-'iuai  ity  iata  were  alr.o  colleeted  manually  at  Clover  Ditch  rite  m 
betw'.--;n  1000  and  lUOO  hx-  on  20  iJovenbex’  19T!;,  11  Deoemnei'  1979,  lb 
danuax-y  1976,  and  B l''etjruai-y  1976,  prioi'  to  eutabliohirn';  tin'  'lutomateu 
Field  station  there  on  1?  Miy  1976  (see  parat’iraph  li). 

I'er FoxTixixieex;  of 

Field  ixtxttions  axid  sensors 

IB.  'I'iie  Four  Fieltl  utxitioxns  tiixit  were  exjtabl  i shed  For  collect  i iif' 
meteoroloi^ical  , itydroloK-lc,  and  water-iiu.'il  ity  i.-ita  at  Koi't  Cai'son, 
Colorxido,  per I'orxnx.-d  very  well  c(;ns  ider ixi^'  the  Fact  that  they  wi.'re  xiot 
coxit  i nucjusly  -atte-xided;  however,  xiome  eiiuipment  Failures,  malF’onctioni; , 
axjd  site  related  jxroblem.:  di.l  resxiit  in  louses  oF  d;ita  dui'ixip,  the  pei’iod 
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i 


i'll -I  joi  ioct  ion . 


of  tho  fiol'i  stations  are  dincuuoo'l 


'i'ii*-  j or fornanofr; 
in  til'/  f ' 1 1'  w ! nc  nararrajii.' . 

1'.  ''.'hv  (.'rou!  0 o!'  "nvi  ronnicntai  nennors,  wiuch  wori;;  inr.tali'/d  at 

• a.’ii  -j'.'  • ii'-  *wi  jroioKical  rtationo  and  the  two  'water-Tiai  i ty  field 

tat  i i'!..' , a/iaira-d  lata  f r /!:.  ?0  NoV'/mber  1971/  tiirour.h  22  April  1977- 
ii  W'-vr,  oi  .••  V'-ral  iceaGioni;  duririft  tiiic  time,  tiio  field  Gtationr.  had 
r.a  I f'anet  i /r*.:  ti;a’  rcrultel  in  no  data  beinf^  collected.  Thene  dates  are 
ir.  licat'/i  iy  ra:  in  tii*/  lata  collection  periods  listed  in  parar.raph  17 

in*'  i '-rf  ..rmat.',-'-  lata  for  tlie  field  stations  are  snrjnari/.ed  as  follows: 


Total  Time  Field 
station  Collected 

Cciieduled  Number  of  liours  Data 


of 

Kieii  otntion  from  20 

Data  Collection 
iiov  75  to  22  Ai  r 77 

Hours 

Percent  of 
Total  Time 

Red  Devil  and  Bed  Devil 

Cediment,  Basin 

12,408 

10, 9^/8 

88 

Turkey  Creek  and  Turkey 

Creek  Cedinent.  Basin 

12,408 

8,352 

67 

Clover  Ditch  Cite  6 

8,232 

7,224 

88 

Clover  Ditch  Cite  10 

12,384 

9,168 

74 

m.  .1  j,.  4.,  ^ ^ t 4-1.  ^ 

O 4-  1-  ^ ^ ^ „ _ 

i CiU  U UUftC. 

f irViV  1 roruu£ritf<ix 

data  was  recorded  by  tiie  field  station(s),  and  wiiat  is  missintt  at  this 
point  is  an  indication  of  tiie  "error  rate"  or  the  amount  of  recorded 
data  for  tiie  different  sensors  that  were  considered  to  be  invalid  due 
to  whatever  cause,  such  as  sensor  malfunction  or  failure,  sensor  cali- 
bration problems,  power  supply  problems  (i.o.  low  voltage),  and  contami- 
nated water-quality  probes. 

20.  For  tiie  purpose  of  evaluating  field  statioti  and  sensoi-  per- 
foi-mance,  a satisfactory  iiourly  record  for  a field  station  was  considered 
to  be  one  in  which  the  data  for  79  percent  of  tiie  sensors  were  reliai'ly 
recorded.  Tiie  j/er formances  of  tiie  various  field  stations  and  sensors 
are  summarized  below  in  terms  of  the  error  rate  and  major  types  of 
equipment  rnal I'urict ions  and  site  related  problems.  Tiie  error  rate  in 
percent  was  computed  by  tiie  following  equation: 
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Nur.Ler  of  hours  deployed  - number  of  nat  in  factory  hourly  rgcord::  ^qq 

Numbejr  of  houro  deployed 

The  error  I’utei;  and  primary  cau::<;;5  for  invalid  lata  for  each  of  the*  four 
otatioiu;  are  tabulated  as  follows; 


Error  Rate 

Field  station % 

Red  Devil  and  Red  Devil  8 

fed  i merit  liar,  in 


I’l-imary  Reasons  for  Invalid  Data 
Hanked  in  Order  of  Occurrence 

(J)  Recorder  power  supply  I'aiiure 
(low  voltar'e) 

(2)  Field  station  timer  failure 
( improper  timinfr  sequence) 

(3)  Hif^h  winds  ( >80  mpri)  caused 
damac;e  to  field  stations 
and  sensors 


i’urkey  Ci'cek  and  Turkey  k 

Cr’eek  Dediment  Basin 


Clover  Ditch  Cite  6 19 


Clover  Ditcli  Cite  10  lii 


(1)  Field  station  timer  failure 
(improper  timinr;  sequence) 

(2)  Cassette  t ipe  transport 
failure  ( improp-.-r  contact 
of  recording  lu-adiru'  with 
maj^netic  tape) 

(3)  Sensor  cal ibr.at  ions  ( sol.ar- 
radiation,  water  level) 

(1)  Contaminated  prober. 

! TT  T> 

(2)  Dama/ped  pH  and  D.O.  probes 

(3)  Power  supply  failure  (low 
voltage)  for  water-quality 
probes* 

(1)  Contaminated  p-robes 
(pH,  D.O. , conductivity) 

(2)  Damaf'ed  pH  and  D.O.  probes 
(caused  by  hiph  flows  and 
debris ) 

(3)  Field  station  timer  failure 
(improper  timing  sequence) 


• This  {)r<>l.lem  occurred  prior  to  installation  ol'  a new  power  system 
(sea;  paragraph  i’i). 
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’•'•I  intuTi^ince  ru  i 
liiR'j  the  oonnora 

.'i.  To  ensure  the  'iccurate  recurditii'  of  wuter- juni  ity  I'lt.-i,  "luir.- 
ten-iiiCe  Kuideiines  for  the  sensors  wore  developed  and  put  int'/  f.ractice 
at  Clover  Ditch.  These  guidelines  required  ;:enlwee-k.Jy  insj^ection  of  the 
: robes . The  maintenance  after  inspection  depended  on  the  in  situ  charac- 
teristics of  water  tiiat  was  being  monitored  and  tiie  I’requency  and  dura- 
tion o;’  local  rainfall  and  surface  runoff  and  debris  carried  by  the 

St  re'un . 

2y.  The  on-site  maintenance  procedures  developed  for  the  water- 
i’uality  sensor  i acka/;es  (ph,  conductivity,  D.O.  , and  water  temperature) 
included  .'.ervicing  tiie  probes  on  a weekly  basis  unless  it  was  determined 
from  the  semiweekly  inspection  visits  that  the  probes  had  been  cont-omi- 
nated  or  iamaged  by  increased  surface  runoff  or  debris  carried  by  the 
.-.tre.'im.  If  the  jjrobes  were  determined  to  be  working  unsatisfactorily, 
maintenance  was  performed  at  that  time.  Maintenance  and  servicing  of  trie 
probes  during  each  data  collection  period  were  performeti  by  Fort  Carson 
Facilities  Engineering  personnel;  WEC  personnel  performed  the  servicing 
and  .maintenance  of  the  probes  at  the  time  of  each  monthly  visit  to  tlie 
stat ions . 

2'i.  At  the  start  of  the  lata  collection  work  (20  Uovember  1975), 
the  WEC  used  a 'jG  amp-hr  wet-cell  battery  to  provide  power  for  operation 
of  the  water-quality  probes.  This,  however,  did  not  prove  to  be  an 
adequate  source  of  power,  and  as  a result,  a new  power  system  con- 
sisting of  a lead-calcium  wet-cell  battery  and  a specially  designed 
solar  panel  (Appendix  A,  Figure  Ail)  war.  obtained  and  installed  at 
site  10  on  d August  L9'{G  and  at  site  6 on  l8  November  1976.  This,  power 
system  has  [proven  to  be  a far  superior  system,  and  no  power  problems 
have  occurred  witii  the  water-quality  probes  since  its  installation. 

Data  Heduc t ion  and  Presentat ion 


2U . 'I’he 
presentation. 


third  phase  of  tiie  progrum  involved  <lata  reductioti  and 
The  casr.ette  tapes  with  the  recorded  environmental 
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w>'!-c  (i.'itlu'i’i"!  .'It,  cii'l  of  ('HCh  'I'lt'i  col  loot  ic,!!!  pf.'rioi  find  t.'ikon  to 

th'.'  WKLt  )'..r  li'it.ft  t (’.'inolnt  ioii , proceo;;  i ii/'' , 'irid  'liojl.'iy.  A ifiK-momory 

PDI'-l^/iO*  diKitfii  system  was  used  to  process  and  dispLfi.y  the  Jat.'i.  A 

ma.l-.T  step  in  this  procedure  invoivcl  checking  the  dat.'i  for  validity  and 
•iccur'icy  fUid  iei(?tin)*  those  par'im'.'ter  '/aiue.-.  th.'it  w<'re  fourid  to  be  in 
'■rr.ir.  Tiie  final  data  were  furnisiied  to  Fort  C.'irsoii  'li’ter  (■■•icti  period 
ooiloctioii  and,  t!ier>'fore,  are  not  includ'.'d  in  fni.'.  re'port.  however, 
til--  lat.a  .'ire  on  file  ,-it,  tiie  WKi'  arni  fit  Fort  Carson  find  are  •tvail.'ible  on 
l-.an  fron.  the  WKJ.** 

2‘  . Fficii  par'imeter  mofisured  by  tfie  automfited  fieli  stfition  fit  i'or' 

'arson  tias  been  output  iti  tfibulfir  .and  graphic  formats  as  describe  1 

below : 

a.  Tabular  data.  Tabulations  were  produced  for  'ill  .-.en.;  irr, 
for  Cficii  30-  or  60-min  samplinf>;  intervil  ur.ed.  One  line 
of  datfi  in  tile  computer  printout  represents  one  r'lniiinr 
interval  of  data  collection.  Table  1 is  ari  exfimfle  of 
the  tabular  data  output  for  Hed  Devil  me-teorologioal 
I’ield  station  for  the  period  2-2U  Marc’n  197^'. 

ll-  Craphic  'latfi.  Tiio  data  were  filso  I'roduci'.i  in  tiiree 

different  r.rapiiic  formats.  The  first  i'ormat  includes  a 
lino  plot  (Fif'ures  9-1‘d)  find  fi  bar  r;r'ipii  (Fipure  l6)  tint 
depict  tiie  individual  parameter  values  for  eficii  respec- 
tive sfimplinr;  interval.  Tiiese  r.i’fiplu;  cont'iin  uatfi  I’or  -i 
■,'-day  [jeriod.  Tiie  second  fornrit  is  a line  plot  (Fip- 
ure  17)  th'it  shows  the  m.aximum,  averape,  and  minimum 
measured  sfimple  values  for  ft  par.-uiieter  throurdiout  tiie 
datfi  collection  period.  For  ex.'imple,  tin.'  mfiximuiri, 
minimum,  find  fiveraf'o  air  temper;itures  m''asured  at  1200  hr 
Were  70.9°,  26.6°,  and  92°F,  respectively.  Tiie  tliird 
Krfiphic  format  is  a wind  rose  (Fipur-e  IH)  tirat  'iepicts 
tiie  [iercentap,e  of  tiie  time  tiie  wind  blows  from  eficli  of 
eir.fit  directions:  riortli,  nortliefist , east,  soutiieast, 
south,  soutiiwest,  west,  and  nortiiwest.  Kacli  direction 
inciuiles  all  recorded  hourly  wind  directions  in  a l/find 
22.9  deg  on  both  sides  of  tiie  principfil  direction. 


* Digital  K'piipment  Corpor-fition,  Maynard,  Mfissaeliusetts. 

**  Contact:  Commander  and  Director,  U.  O.  Army  Kngineer  Wfiterwfiys 
Experiment  Otatiori,  ATTN:  WKCP'K,  Vicksburg,  Miss.  391^30. 


26 


» 

I 


- -r  T • I r-  T-  -t-  -r-  T-  r 1-  t — r 

J *>  IS  *•  \2  .f*  1/  *1  1^ 


vrA 


T — r — r 

h \2  >1*  h IS  la 

b 7 ^3 


I?  iJ  /I 

3 


'MK  HWS  2 3 1376 

HIP  TIMPiPHTijpf 

Kiif'ure  9.  Line  plot  of  air  temperature  versus  time  for 
r days.  Red  Devil  station.  Fort  Carson,  Colorado 
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Fi^'ure  10.  Line  plot  of  wind  speed  versus  time  for  7 days. 
Red  Devil  station.  Fort  Carson,  Colorado 
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IL.  Line  plot  o!'  solar  radiatioti  versus  time  ior 
'!  days.  Red  Devil  station.  Fort  Carson,  Colorado 
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Figure  12.  Line  plot  of  water  temperature  versus  time  for 
7 days.  Clover  Ditch  station  (site  6),  Fort  Carson,  Colorado 
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Figure  13.  Line  plot  of  D.O.  versus  ti.ne  for  T days, 
Clover  nit.eh  station  (site  6),  Fort  Carson,  Colorado 


rj5T 


g; 

-t-T*-T--r — r— r t - t — r-  t r-t—r-r  t t ■ t— t • r— 1 — r— r-r-'-i — i — t T'I 

• K 12  III  » It  i«  a :/  la  ;4  a i<  i<  24  a 12  >«  24  a 12  la  24  a >2  i«*  «*4 

J7  18  15  21  27  2i 

HH 

TJMt.  t-iwr,  ]7  fFB  ?4  ftB  1977 
PH 

Figure  lU.  Line  plot  of  pH  versus  time  for  7 days.  Clover 
Ditch  station  (site  6),  Fort  Carson,  Colorado 
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period  of  T duys.  Red  Devil  station.  Fort  Carson,  Colorado 
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IT.  Litit.'  |iLot  of  tlu-  m'lximuni,  HVor'ir.o , -tiiii  rnnir.nri 
.’•-ill-  Vrila'.-.,  f'H-  uii-  LfJiiiiRM'fiLuri.'  iuritu';  a -'ifiy  (i'-.  h 
y.ur'-ti  recofd  period.  Red  Devil  istatiori,  I'ort  D’.ar.Toti, 

Colorado , 


Ki(.'ur>-  l8.  Wind  roia;  for  tiie  period  24  Aur.uot  Idfij, 

Heil  Devil  r.t.ation,  P'ort,  Carnoii,  Coloi-ado 


iAHT  III:  AIJALYJK:’-  AIID  HKH' ;W.IKrJI>ATIOIJ:: 


Ait-ilysef! 

Limitei  'inrilyGe:'!  were  made  of  the  eri'/i  ronmental  data  collected 
on  water  juality  and  meteorolo/’y » •'‘•nd  renuitn  are  dlacuiised  in  the 
followinr  nararraphG . 

Water- luality  data 

?"! . The  water-quality  values  obtained  by  the  automated  field 
statio.n.;  and  manually  by  the  WEG  field  temas  were  compared  with  the 
dtate  of  Colorado  Effluent  Ctandards  and  Class  V>-2  Ctro'ijn  Ctaiidards,  as 
well  as  the  parameter  value  ranp;eo  preferred  by  the  important  animals 
that  could  inhabit  the  streturis  near  Fort  Carson,  i.e.  Fountain  Creek. 
Tiiese  par.'imeter  value  standards  and  animal  recjui rements  are  listed 
below : 


Effluent  Ctandards 


I'ar'imeter 

State  of  Colorado  Effluent  Standards* 

Water 

temperature,  °F 

None 

pH 

0-9 

b.d.  , 

pfim 

>2 

Coiiduct  ivity , ymhos/cm 

None 

Stream  Ctandards 

State  of  Colorado  Class  B-2 
I'arfuneter  Stream  Standard.:* 


Water  temperature,  °F 
T'H 

D.'.,  ppm 

Coiiiuctivity , umhos/cm 


Max  90;  hourly  change  of  5°F 
6-9 
>5 

None 


* Data  obtained  from  Mr.  Deraid  Land,  District  Knj'ineer,  Water- 
Quality  Board,  State  of  Colorado,  Denvfjr,  Colorado  80220. 


i2 


Anim.-iL  Loni^Iiurutlon  iTcfferrei  ot.-iulard.:* 


Ai.  imals 

D.O. 

1 1 m 

_ pii 

Temperature 

°F 

Turbidity 

ppm 

A'arTt-water  i’isii  (i  a.is) 

'•A 

‘ .6-9.9 

32-90 

60 

C'  'id-water  f i sii  ( t rout ) 

>6.9 

6. 9-8. 9 

32-69 

60 

Crustacean  ( c rayf  i sii) 
Inr.ect  (caddis  fly 

>3 

U-9 

32-90 

larva ) 

>1 

3-9 

32-90 

10-100 

Mollusk  (clam) 

>1 

9-9 

32-90 

* Duta  obtaiiit;'!  from  Dr.  .T . Fitz:;  imons.  Department  o:'  Zoolot’y  ani 
!'hyr.ioiO(V » Louisiana  .D^ate  University,  Baton  Rouj’ie,  Louisiana. 


^8.  Table  '?  contains  the  montrily  average  values  and  rariges  fo!' 

D.  .,  wate-r  temperature,  pii , and  conductivity  for  sites  6 and  10  on 
Clever  Ditch  (Fij'ure  2).  The  montiily  average  values  and  rarifiej  were 
caaculated  for  tiie  total  number  of  hourly  records  obtained  for  each 
rr.^nt.h.  Figure  19  illustrates  tyjjical  diurnal  fluctuations  in  tiio  water- 
■puality  [■ar-i.meters  for  a winter  day  (8  February  1976)  and  a sammer  day 
(iL  August  1976).  Tiie  dat.a  presented  i.n  Table  2,  together  witii  some 
general  obrervat ioru: , are  discussed  below. 

..'9.  Dissolved  oxygen.  T!ie  average  values  for  D.O.  calculated  for 
site  6 were  always  rtbove  tiie  Ctate  of  Colorado  Class  B-2  utre'im  Ctandard 
of  >9  ppm,  whereas  at  site  10  the  average  values  of  D.O.  were  below  the 
standard  e.xcept  for  the  raontJis  of  October  and  Ilovember  1976. 

30.  The  maximum  measured  D.O.  values  usually  occurred  between 
1000  to  lUOO  hr;  the  minimum  D.O.  values,  at  about  2200  hr.  T.he  mea- 
sured D.O.  values  at  both  sites  were  always  above  L.7  ppm.  The  maximum 
and  minimum  summer  D.O.  values  occurred  about  tiie  ruune  time  of  day  as 
those  observed  during  the  winter  months.  However,  the  D.O.  values  ob- 
tained during  tht;  summer  months  were  more  erratic  from  day  to  day  tlian 
those  measured  during  the  winter  months.  Also,  the  diurnal  range  was 
more  variable  and  often  larger.  For  ex.-imple,  at  the  end  of  summer  tiie 
D.O.  values  occasionally  rang.ed  from  greater  than  10  ppm  to  2.9  ppm. 

31.  Data  on  D.O.  were  analyzed  to  determine  ttie  total  time  tiie 
recorded  values  were  above  and  below  the  Gtate  standard  of  >9  ppm. 
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show  that  lit  site  10  the  D.O.  had 


» if 


These  result.',  !.re:-,.'nted  in  'raiiLe  •! 
mcire  liours  I eiow  the  r.taii  l.ard  than  above  t'cjr  ail  m'.'nthr.  except  October 
an  i ii  'veir.bf;!-;  where'a.-,  at  r.ite  >>  (the  r.ite  that  i.n  uprtrcr-uri  I’rorn  the  ;<oirit 
wnere  the  eid'Lueut  from  ttie  r.i'W.ata:-  treatment  plant  enter.:  Clover  Mtch/ 
.'lx  oV  tne  rji.’ie  months  showed  more'  liuur.;  abo'/c-  the  stand.ard. 

Varyirif'  concentration.:  and  the  lerif^th  of  exposure  to  a /'ive-n 
. L’oncentr.ation  influence  tin?  iiresence  and  abundance  of  a'juatic  animal 
;'|ecie.'.  To  evaluate  tiie  impact  ot'  the  fro'juency  of  occurrence  above 
and  below  trie  ct-andard  D.O.  coneentr.ation  of  >'o  ppm,  trie  time  durations 
d‘  -ill  completed  events*  were  tabulated  and  then  assiftned  categories  of 
;^1/,',  £6,  £12,  £l8,  £21,  £(2,  or  >72  iir.  Tiie  c'umuiative  nercentare  of 
the  tot.ai  n'umber  of  events  w.as  then  [ilotted  -is  a f'unction  of  n'umber  of 
events  assigned  to  each  catcf'ory  (i'i{;;ure  20)  . Trie  relatively  hiph  rromber 
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Kii'urii  20.  Cumulative  p^ercentat'e  of  events  of  D.O. 
for  different  time  ilui'ations  above  and  below  tlie 
Colorado  Class  B-2  Otream  standard  at  site  10, 

Fort  Carson,  Colorado 


* A com[)leted  event  is  defined  .as  tiiat  time  perioii  when  tile  recorded 
D.O.  becomes  (ipm  until  tiie  time  it  becomes  £(>  ppm,  or  tliat  time 
fieritid  w.heri  the  rircorded  D.O.  becomes  £(;  [jj’Jn  until  tiie  tiiiu;  it  laioomes 
>'v  ppm. 


of  ocourronceo  ^ibove  and  below  t.he  r.Landard  of  >!;  ppm  of  ohort  duration 
{_^12  hr)  is  due  to  the  'Jiurnal  oycle  of  D.O.  that  relates  to  water  tem- 
perature f luctuationr,  and  photonynthesis-renjjiration  relations. 

33.  Water  temperature.  The  water  temperature  in  Clover  Ditch  was 
warmer  at  site  10  than  at  site  6 (Table  ?b ) . The  larpiest  difference  in 
the  nonttily  avcra/'e  temperatures  at  the  two  sites  occurred  after  October, 
during  the  winter  months  of  IJovember,  Deccinber,  and  January,  and  ranged 
from  12°  to  19°f’.  The  monthly  average  temperatures  and  the  maximum 
occurring  values  were  within  the  State  standard  for  maximum  temperature 
of  90°F.  The  average  hourly  change  in  temperature  at  the  two  sites 
varied  between  1.1  and  2.1°F  (Table  U)  and  is  also  within  the  State 
standard  of  5°F. 

3^.  pH . The  water  in  Clover  Ditch  showed  little  variation  in  pH 
throufihout  the  data  collection  period  (Table  2c).  The  monthly  average 
pH  value  at  site  10  was  between  7.^  and  8.0  but  at  site  6 it  was  some- 
what higher,  ranging  from  1.6  to  8.1.  These  measurements  are  all  within 
the  State  standard  of  6-9.  The  limits  of  the  range  of  variation  in  pH 
summarised  in  Table  2c  for  the  period  of  record  also  are  within  the 
State  standard. 

35*  Conductivity . Table  2d  presents  the  electrolytic  conductivity 
of  the  water  as  measured  at  the  two  sites  on  Clover  Ditch.  At  site  10, 
the  monthly  average  value  was  between  400  and  1020  limhos/cm  and  at 
site  6,  between  521  and  1066  pmho.s/cm.  There  is  no  State  standard  for 
conductivity . 

36.  Additional  water-quality  data.  Manual  sampling  (profiling) 
was  conducted  at  10  sites  (l  through  10,  Figures  2 and  21)  along  Clover 
Ditch  during  daylight  (ssloOO-l^^OO  hr)  on  25  March  1976.  The  data  that 
were  obtained  are  plotted  in  Figure  21.  The  impact  of  the  sewage  treat- 
ment effluent  (data  from  site  5)  is  reflected  by  a significant  increase 
in  water  temperature  and  a decrease  in  D.O.  at  the  downstream  sites 
(sites  7,  10,  9,  and  8).  This  is  not  surimising  considering  the  high- 
temperature  and  low-D.O.  levels  of  the  sewage  effluent  (site  5)  and 
the  normally  very  small  flow  in  Clover  Ditch.  On  25  March  1976,  the 
water  in  Clover  Ditch  was  very  low,  as  the  following  tabulation  siiows: 
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Bottom 

Deptii 

Water  Width 

Water  D<q-tii 

Wi-it!i  OI' 

of 

at  Time  of 

■at  Time  of 

Ciiatinei 

Ciiannel 

M'-fir.urement 

M'‘-asurement 

i tt.' 

ft 

ft 

ft 

ft 

1 

2b. 0 

7.0 

3.3 

0.82 

2 

3.3 

3.0 

3.  3 

0.66 

3 

10.0 

6.0 

9-2 

1 . 97 

h 

23.0 

8.0 

6. 6 

0.1i9 

5 

10.0 

7.0 

9.8 

2.51 

6 

29.6 

10.0 

l*.9 

0.82 

7 

26.2 

9.0 

6. 6 

0. 66 

8 

6.6 

6.0 

6. 6 

0.98 

9 

6.6 

6.0 

6.7 

0.82 

10 

8.2 

5.0 

8.2 

0.85 

37.  F’if^ur','  ?.2  compares  daytime  mc-a.^urement;:  oi  water  quality  taken 
at  Clover  Ditch  cito.o  6 and  10  on  20  tJovembor  1975,  11  December  1975, 

lb  January  1976,  and  8 F’ebruary  1976.  Site  6 is  located  approximately 
100  m upstream  from  the  point  where  the  effluent  from  the  sewaf'e  treat- 
ment plant  enters  Clover  Ditch;  site  10  is  located  approximately  200  m 
iownctrefun  on  Clover  Ditch  from  the  effluent  entry  point  (Fif'ure  2).  The 
data  presented  in  Fij.'ure  22  show  that  the  sewaj^e  treatment  plant  effluent 
does  not  have  a larf’e  effect  on  the  pH  and  conductivity  measurements  but 
consistently  increases  the  temperature  and  decreases  the  D.O.  values  in 
Clover  Ditch. 

38.  According  to  the  preliminary  data  analyses,  the  D.O.  in  the 
Clover  Ditcii  flow  at  certain  times  during  the  Cit-hr  day  is  often  lower 
tiian  that  preferred  by  some  of  the  common  fresiiwater  a(piatic  animal 
species  (see  paragrapii  27).  However,  furtlier  investigation  is  needed  to 
identify  tiie  aquatic  animal  species,  including  benthic  oi'ganisms,  tiiat 
iniiabit  Clover  Ditcli  and  Fountain  Creek  where  it  Joins  Clover  Dit'h.  Tlie 
presence  or  absence  of  certain  species  is  an  indication  of  tiie  overall 
quality  of  streamflow.  The  potential  hazards  of  the  water  quality  to 
terrestrial  wildlife  and  public  iiealth  also  siiould  be  investigated  (see 
parag.rapii  A5). 


Meteorological  data 

39.  i fee  it- i tat  ion  data.  During  this  study  precipitation  data 
were  olitaine.l  at  the  WKC  Hed  Devil,  Turkey  Creek,  and  Clover  Ditch 
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r'li'i;’'-  li'it'i  i.'i.'.’tirii- 1 'it.  I’our  i i '.'rtM'enl  .:h.'Wl:ir  t.:i" 

-i:'  .'.•■vi.r--  • .'••••itr’.’-nt  ; l/nit.  wti  writer  qu'i !- i ’-y  tTr'-i.'.urf  i 

CLrVf.'f  liitch  it.es  b nrri  1 i 

!t<-  io  fit  i(ji  . h'lt'ur''  < 'i  tr-riviit.;  the  inoiitliLy  -iver-i, .)I'  th*‘.’e 
l-it’i  f'jr  with  the  i.i'ec  i titrition  hitn  t'ron  the  ■hiti''irtl  ■•••■itiic  ■iiih 

Atn/jr.i'hirr  io  Ahrii  ti  i .-.tmt  iuii  (NU/vA)  iitnti  rno  at  ('oloraio  .'irltir-'  Airport, 

! ui.’ijle  Aii’port,  ririil  the  Fort  C-arooii  Ilutt;;  AirfieLil  r.tati'Oii.  Tin.'  pi^t 
oiiuw.-.  tiiat  ail  of  t!ie  r.tat  ioii.'i  e-xeept  liutts  Airfitrli  rei'-.-iV'-i  le:;r.  tiiaii 
1 in.  p'.-r  nuiith  of  pr>.-c  l[i i tat  i on  from  Oct.oh'-r  tiir'jupli  Maroii  and  tiiat 
prec  i p i tat  i ori  tende  i to  incre.a;;i'  //radualiy  from  Marcli  tliroujili  iiejiteraber  , 
witii  a ri-a;;-jnably  pronounced  w.'t  aeanon  iluriiw'  duly,  Aur.u.'.!,,  and 
df.-ptembi-r . In  ('eneral,  a f'eo/'.rripti  icai  trend  crin  be  obce'i'ved  in  tiie 
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i‘-titiC'tLl  me.'iiJUi'ementt: . The  -innu-ii  i-'ti  nl’-iLl  incre-iaea  fro!".  j 'ith  to 
north  ncrosG  the  roservat  ion . For  ex-'imf-le,  the  WK.'  Rei  nn  i Turkey 

'rt;ek  stations  otiow  total,  [rec  i [.i  tat  ion  a:riotint:;  for  197'^'  ol'  only  Ij.lil 
anT  8.71  in.,*  respectively;  whereas,  the  precipitation  values  at  Butts 
Airl’ield  and  Colorado  Cprintis  Airport  wrre  I8.A8  and  20. [jh  in.,  r<?npec- 
t'vely.  Also,  durinr,  1978  the  annual  {’recinitation  was  above  ave-raf^e 
wlii.'n  compared  with  past  years  of  record  (Taiile  5)-  Furtiier  discussion 
)!'  ’,'recipitation  'cno'.uit.;  and  distribution  iii  tiie  F 'ft  Carson  an-a  is 
contained  in  Report  3 of  this  series. 

^■*0.  Although  tiiese  fjeneral  trends  are  interest  it. r , they  do  not 
r.rovide  data  that  can  be  of  direct  use  to  the  Fort  Carson  natural  re- 
sources mana,'ement  p!'or;rams.  Therefore,  a more  meanin,'ful  analysis  and 
portrayal  of  the  rainfall  data  for  the  reservation  are  needed.  it  is 
anticipate!  that  lonr-term  records  from  the  nearby  weather  stations  caii 
te  u.;ed  to  er.tablish  tiie  frequency  duratioti  and  intensity  of  raitil’all 
for  each  month  and  that  the  areal  distribut ioti  over  the  Fort  Carsoii 
in.itallat  ioii  can  be  determined  by  correlat  itip,  the  individual  storm 
durations  and  intensities  from  ail  of  the  available  weather  stations. 
Because  of  the  mountainous  topograpliy'  tint  borders  on  Fort  Carson  and 
its  effect  on  precipitation  arid  wind  currents,  establis.hinr  the  areal, 
distributions  of  the  various  storms  will  not  be  straifphtl'orward.  liow- 
ever,  tiie  data  obtained  by  the  tiiree  WKC  field  stations  during  this 
study,  in  conjur.ction  with  other  long-term  meteorological  data,  ciiould 
provide  a more  adequate  jdcture  of  rainfall  and  wind  conditions  throuith- 
out  the  reservation. 

hi.  Surface  wind  direction  data.  Wind  roses  (see  paraj'.rapii  25) 
were  prepared  for  tiie  WF.C  Red  Devil  arid  Turkey  Creek  stations  for  each 
jjei'iod  of  data  collection,  as  listeii  in  paragrapii  ll , and  wei'e  sent  to 
Fort  Car-soil  periodical.!;/  tiirour'iiout  tiie  study.  These  data  were  used  to 
firepare  a su-nraai-./  of  tiie  predominant  directions  fi-om  -wiiich  the  surl'ace 
wind  was  blowing  for  tiie  period  20  November  1975  tiirough  27  January  1977 


* Tiiese-  values  represent  incomplete  totals  for  tiie  year  due  to  the  loss 
of  a few  days'  dafi. 
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( T.-il'li'  b).  i !i  f-enei'.'-iJ  , the  .■uri'-ice  win.l.-.  ‘’or  the  period  o!'  Dece'mber 
throurb  tnid-May  blew  reti'-rally  i’rom  a oouth  (;")  to  douthearterly  (;:K) 
direction,  aLttioup.ii  at  variou'  tiinen  tiiey  varied  s ipni  I’icantiy  from  the 
d-yK  direction.'..  Durinf'  tiie  poi'ioii  mid-May  tiirouj-.h  Uovember,  'rfiiich  in- 
clude:'. tiie  hi(';i:  precipitation  montli-c  of  duly,  Au/:u.:t,  and  f.eptember,  the 
surface  wind:;  blew  (rimariiy  Id'om  't  wer.te-rly  to  northerly  iirectiori. 
iiowever,  ti-ie;'.e  d.ata  sliouli  be  an-tlyced  iri  detail  to  provide  areal  distri- 
butions of  the  wind  currents  over  the  southern  pjart  of  the  reservation. 

^*2.  o'urface  wind  r.i'eeds.  The  ;:urface  'wind  speed  as  measured  at 
ttie  Red  Devil  and  Turkey  Creek  stations  are  sum.ma!'i ze-d  in  Table  7 in 
tetmis  of  the  averapie  value  and  ran^e.  Iri  yeneral,  the  strongest  surf-tce 
'Winds  occurred  during  the  'winter  montlis  of  November  tiiro’d/di  February 
reaching  'i  higdi  a'/erage  of  12  mph  in  March  19T6<  The  maxim'avi  hourly 
wind  speed  recorded  at  tiie  Red  Devil  .jtation  was  30  mjdi  and  at  'Turkey 
Creek,  2b  mph. 

73.  Solar  radiation.  'Ihe  solar  i"idiation  as  measured  at  tiie  Re- 1 
De’/il  and  Turkey  Creek  field  stations  reaciied  a higii  of  approximately 
1.73  Langley  {Ly)/rain  during  the  s'umraer  months  ajid  averaged  bet'ween 
i.bO  and  1.98  Ly/min  (Table  8).  Tiie  daily  maximum  readin.g  usually 
occurred  between  1200-1300  hr.  During  the  winter  months  of  iJovember 
through  February,  the  maximum  radiation  ranged  between  0.82  and  1.28  Ly/ 
min,  with  the  maximum  occurring  during  1200-1300  hr.  The  winter  average 
values  'were  between  0.77  and  I.36  Ly/min. 

bb.  Air  temperatures.  The  measured  air  temperatures  at  the  Red 
Devil  and  Turkey  Cr'eek  sites  were  significantly  different  for  some  monttis 
(Table  9).  Tiie  monthly  average  temperature  during  the  winter  raontiis 
ranged  from  bB°  to  6o°F  at  Red  Devil  and  from  29°  to  90°i'  at  Turkey 
Cr ^ek . 

Recommendat ions 

b9.  Based  on  preliminary  analysis  of  some  of  tiie  water-quality 
and  meteorological  data  collected  during  tliis  study,  the  following  work 
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ceounjii'-nilt'd  to  better  aid  Fort  Carson  in  its  ioriK-rari('e  natural 
resource  manar.ement  ['rorrftms: 


Analyze  fui’ther  tiie  WEC  me'teorolof'ical  data  collected 
durinr,  tiiis  stuiiy,  together  witii  data  from  nearby  weather 
stations,  to  determine  by  statistical  analysis  the 
return  frequency,  duration,  and  intensity  of  seasonal 
r.ainfall  that  migiit  be  expected  to  occur  in  different 
geographical  areas  of  the  reservation,  and  to  provide 
areal  data  on  surl’ace  wind  currents  (speeds  find  direc- 
tioiis)  for  the  soutiiern  iialf  of  the  instailatioii . 

Ctudy  tiie  WFG  water-quality  data  collected  on  Clover 
Ditcii,  together  with  data  I'rom  nearby  water-quality 
stations  on  Fouritain  Creek,  to  determine  the  effects  of 
tile  surface  -aters  in  Clover  Ditch  on  the  aquatic  life 
that  would  be  expected  to  occur  in  Clover  Ditch  and 
Fountain  Creek. 

Conduct  additional  long-term  monitoring  at  Fort  Carson 
witii  tiie  WKC.  automated  field  stations  to  provide  tiie  data 
ne-eded  to  support  a feas ibi  1 ity-type  rangeland  restoration 
j rogriun  dealing  with  vegetation  reestablishment,  erosion 
control,  and  improvement  of  native  wildlife  habitats. 


. 'It  L’ ■ 


,l;ir  i'  ; , Au!,  )n' 


l;(  n IK  VU.  I\:  F!  ‘.ICiIHliI 

HIlMf'iKY  Ctlill-Ii]  f.A  IF  1.  lO'.'j.IA 
I r ( fllv'.tKxl  COLdl.rilKI 
HI  rtbUfvi- ii!  ii I yo  m*ii;riF, 

K'l.ri.'Kri  fi.'cinn:  o?  /ifli--  :•/>  hfis- 


I* 

0 I K-  ?: 

> 

4 

IiAII  1 U.f  » ( 

I-IUIP-  * 

UKUl  Y i; 

1 IX  Li  Y 

1 1 OKf  Iv-  4 

dtU.OK  Y 

S'Jl  • 

ni  MP  YK  HK  J 

1 I I dM  *■ 

dPH  d 

Cl  Id:;, 

.III.'M  Y 

HOIMYi  111  . • 

r A I ic  •.  < 

)1 

ifi.  r 

Mi/ii.v  )*  I.; 

d/.'(  /■ 

Ii;  l./l  >l,6dG7MI.'J  .L 

(S.if.'Pd^  fJU.)  t~~ 

— 7 ♦ - 

3 Y 

1 

1 

1 

1 

/, 

? :i  71. 

0 

0.00 

1 9 

lOfl.  0 

61  .d 

1 . 7 9 

I . J.% 

1/*  0 

0.00 

i:..oi 

Ir.H.d 

60.6 

1 .76 

1 .3d 

I'ii  0 

0.00 

1-1.  dL, 

IdL.  .0 

dV  . d 

1 . 1 •. 

1 .73 

Idv  0 

0.00 

14.71 

dV . d 

67.4 

I .Oi/ 

1 .O't- 

I/.*  0 

0.00 

1 . 0 7 

3 1 L.  . d 

4 4 . 6 

0.70 

0.71 

r/F-  0 

0.00 

d.  94 

334.0 

39 . 4 

0.7  7 

0.7/ 

Id*  0 

0.00 

d.61t 

371. . 

33 . 4 

O.o;' 

0 . 07 

IVY  0 

0.00 

y . 7. 4 

0.0 

7V  . d 

0 . 00 

0.00 

70^  0 

0 . 00 

i4.:>'.. 

d . . ' 

27.7 

0.0' 

0.00 

yx*  c> 

0.00 

1 1 . Id 

10  1.0 

7d . it 

0 . 0 > 

0.00 

0 

0.00 

11.4/ 

Ik.  . d 

7 7.0 

0.0:. 

0.00 

I -‘ J » 0 

0.00 

1 1 .or: 

4 '< . 0 

I'd . 1/ 

0.00 

0.00 

.<  :<  76 

O*’  0 

0.00 

11.31 

79.0 

74 . 4 

0 . 0:- 

0.00 

1 Y 0 

0.00 

d.do 

74  . d 

74 . 3 

0.0,1 

0 . 00 

0 

0.00 

y . VO 

09  . d 

73.7 

O.I-  J 

0 . 0.0 

6»  C 

0.00 

11.31 

77.0 

73 . 0 

<> . 00 

0.0  m 

<»  0 

0.00 

1 1 . 0.'. 

13  4.  d 

77 . 3 

0 . 00 

0.00 

0 

0.00 

10.  VO 

6V  . 0 

71.7 

C' . o O 

0.0  0 

6*  0 

0.00 

10.16 

lOd.O 

72 . 3 

o.o:i 

0.00 

7»  0 

0.00 

1 4 . 3 7 

d3 . 0 

77 . Y. 

0.0) 

o.o: 

HA  0 

0.00 

y . L'3 

97.0 

7 3 . i I 

o.oo 

0.07 

y*  0 

0.00 

10.16 

1 79 . 0 

7d  . 3 

0 . 3 7 

0.37 

10*  0 

0.00 

17.01 

3d  . L* 

74.  d 

0.4  3 

0.44 

1 1 A 0 

0.00 

1 1> . 0 i 

dO.d 

76 . 6 

O.dd 

O.d? 

i;-t  0 

0.00 

7.01 

dl  .0 

76 . 6 

0.4; 

0.4  7 

1.1«  0 

0.00 

t: . no 

29. d 

7;/ . 3 

0.47 

0.43 

14*  0 

0.00 

9.30 

73  . d 

0.79 

0.30 

i:.A  0 

0.00 

(1.63 

0.0 

07  . CJ 

0.71 

0.77 

lY,*  0 

0.00 

d.;'3 

17.0 

77.  d 

0.7  7 

0.30 

17*  0 

0.00 

7.  OH 

16.0 

71.9 

0 . Od 

O.O'l 

lfJ»  0 

0.00 

11.69 

0.0 

71 . 7 

0.07 

0.03 

iy»  0 

0.00 

1 1 . Id 

71 .7 

0.00 

0.00 

70*  0 

0.00 

9.07 

74  7 . d 

71.9 

0.00 

0.00 

71  A 0 

0.00 

7.63 

197.0 

71 . 7 

o.o.'' 

0.00 

:<p*  0 

0.00 

i; . dO 

301  . d 

71.4 

0.00 

0.00 

?,<r  C 

0.00 

7 . 7£; 

70!  .0 

71.7 

0.00 

0.00 

4 :i  /r. 

0<  0 

0.00 

7.30 

733.1> 

71 .7 

0.00 

0.00 

1 A 0 

0.00 

7.16 

74  3 . d 

70. 1 

0.00 

0.00 

I'"  0 

0.00 

7 . 76 

703.0 

70. 7 

0.00 

o.co 

3*  0 

0.00 

7.63 

7H7 . 0 

70 . d 

0.00 

0.00 

4*  0 

0.00 

lO.flO 

0.0 

1 Ci . 9 

0.00 

0.00 

liY  0 

0.00 

16. 3S 

dV  . 0 

Id.  3 

0.00 

0.00 

k 


2 


Mi'iUl^K’  Avo r Va  1 uos  and  Ranges  oi  U.U.,  Water  Temperaturt' , 
£lij  and  Condiu-l  i vity  tOr  CUovlt  Ditch  Sites  10  and  6* 


Clover 

Site 

Ditch 

10 

Clover  Ditch 

Site  6 

Month 

Total 
Hours 
of  Valid 
Data 

Averag 

e Range 

Total 
Hours 
of  Valid 
Data 

Average 

Range 

Feb 

76 

575 

a. 

3.0 

Dissolved  Oxyg 

1. 7-5.0 

en , ppm 

** 

kk 

•k-k 

Mar 

76 

527 

4.0 

2. 0-6.0 

kk 

kk 

Apr 

76 

153 

3.5 

2. 5-5. 5 

•k-k 

** 

kk 

May 

76 

155 

3.5 

2. 5-5.0 

370 

7.0 

3.0-9. 5 

Jun 

76 

237 

4.5 

3. 0-6.0 

201 

f 

Jul 

76 

356 

5.0 

2. 5-7. 5 

628 

5.5 

3. 0-8.0 

Aug 

76 

91 

5.0 

4. 0-8.0 

612 

5.5 

2. 5-9. 5 

Sep 

76 

266 

1- 

602 

6.0 

2. 5-9. 5 

Oct 

76 

689 

5.5 

3. 0-9.0 

545 

6.0 

4.0-11.0 

Nov 

76 

700 

6.0 

3. 0-9.0 

445 

6.0 

3.0-10.5 

Dec 

76 

656 

5.0 

3. 0-6.0 

648 

7.0 

3.0-8. 5 

Jan 

77 

308 

4.3 

3. 0-7.0 

214 

6.5 

3.0-8. 5 

b. 

Water  Temperature, 

Feb 

76 

515 

55 

40-65 

k k 

** 

** 

Mar 

76 

538 

55 

40-60 

kk 

* k 

Apr 

76 

164 

60 

50-67 

kk 

** 

kk 

May 

76 

384 

63 

45-75 

443 

56 

45-75 

Jun 

76 

454 

65 

60-75 

535 

62 

50-75 

Jul 

76 

579 

68 

60-75 

631 

66 

55-80 

Aug 

76 

438 

68 

60-75 

674 

65 

55-75 

Sep 

76 

691 

65 

50-75 

628 

60 

45-75 

Oct 

76 

728 

60 

45-70 

572 

52 

40-67 

Nov 

76 

709 

53 

45-65 

496 

41 

35-54 

Dec 

76 

731 

49 

40-55 

661 

36 

<32-42 

Jan 

77 

340 

48 

50-50 

337 

33 

<32-35 

(Continued) 


* Values  for  averages  and  ranges  are  based  on  the  total  number  of 
hourly  records  of  valid  data  obtained  for  each  month. 

**  No  data  (field  station  was  not  established  until  12  May  1976). 
insufficient  valid  data  for  determining  monthly  average. 
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Table  2 (Concluded) 


Clover  Ditch  Clover  Ditch 


Site  10 

Site  6 

Total 

Total 

Hours 

Hours 

of  Valid 

of  Valid 

Month 

Data 

Average 

Range 

Data 

Average 

Range 

c . Hydrogen 

1 Ion  Concentration,  pH 

Feb  76 

516 

7.4 

6, 7-7.5 

* * 

* A 

** 

Mar  7b 

504 

7.6 

6. 8-7. 9 

A* 

** 

Apr  76 

168 

7.7 

7, 5-8.0 

•kit 

** 

May  7 6 

373 

7.7 

7. 2-8.1 

391 

8.1 

7, 5-8. 6 

Jun  76 

327 

7.8 

7, 5-8. 5 

492 

7.3 

7. 5-8. 3 

Jul  76 

525 

8.0 

7, 8-8.4 

628 

7.8 

7. 2-8. 2 

Aug  76 

438 

7.7 

7. 3-8. 3 

646 

7.7 

7. 3-8, 3 

Sep  76 

479 

7.6 

7. 0-8.0 

591 

7.6 

7. 3-8. 2 

Oct  76 

455 

7.7 

7. 4-8. 5 

565 

7.7 

7. 3-8. 2 

Nov  7 6 

573 

7.9 

7, 7-8. 3 

432 

7.9 

7. 4-8. 2 

Dec  76 

7 31 

8,0 

7. 5-8. 5 

650 

7.6 

7. 4-7. 9 

Jan  77 

434 

8.0 

7. 7-8. 3 

352 

7.7 

7. 4-7. 9 

d.  Conductivity,  pmhos/cm 

Feb  76 

515 

830 

750-950 

* * 

** 

** 

Mar  76 

519 

800 

560-1100 

** 

Apr  76 

164 

1020 

910-1110 

* 

** 

★ t*: 

May  76 

405 

860 

330-1270 

385 

1066 

341-1570 

Jun  76 

386 

840 

400-1320 

511 

950 

390-1450 

Jul  76 

579 

884 

325-1450 

670 

703 

424-946 

Aug  76 

438 

685 

520-880 

457 

737 

425-1335 

Sep  76 

687 

663 

200-920 

617 

859 

400-1880 

Oct  76 

731 

679 

420-928 

576 

935 

600-1260 

Nov  76 

697 

600 

466-740 

482 

695 

360-1108 

Dec  76 

728 

516 

385-675 

637 

610 

420-750 

Jan  77 

466 

480 

280-565 

332 

521 

450-624 

**  No  data  (field  station  was  not  established  until  12  May  1976). 


Table  4 


Hourly  Water 

Temperature  Changes* ** 

at  Sites 

10  and  6 

on  Clover  Ditch 

Month 

Total 

Hours 
of  Valid 
Data 

Average  Hourly 
Temperature 

Change  at  Site  10 
o,, 

Total 
Hours 
of  Valid 
Data 

Average  Hourly 
Temperature 
Change  at  Site  6 
"F 

Feb 

76 

515 

1.5 

** 

•k-k 

Mar 

76 

538 

2.0 

** 

** 

Apr 

76 

164 

1.5 

** 

** 

May 

76 

384 

1.7 

443 

1.5 

Jun 

76 

454 

1.6 

535 

1.5 

Jul 

76 

579 

1.7 

631 

2.0 

Aug 

76 

438 

2.1 

674 

2.0 

Sep 

76 

691 

2.2 

628 

1.7 

Oct 

76 

728 

2.1 

572 

1.5 

Nov 

76 

709 

2.0 

496 

1.5 

Dec 

76 

731 

1.7 

661 

1.5 

Jan 

77 

340 

1.3 

337 

1.1 

* In  most  cases,  the  hourly  changes  were  a result  of  Increasing 

temperatures,  although  changes  were  also  observed  when  the  tempera- 
ture was  decreasing.  Most  of  the  larger  hourly  temperature  changes 
occurred  between  0700  and  1000  and  1200  and  1500  hr. 

**  No  data  (field  station  was  established  at  site  b until  12  May  1976). 
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Siimnuiry  of  Annual  Precipitation  Data  fur  St  at  tons i n 

1 1 lu  V icinity  of  Fort  Carson  f ja2ni  1 9A 5-  197 b 


Annual 

Precipitation,  in. 

Number  Years 

StaL  ion* 

Minimum 

Average 

Maximum 

of  Record 

Canon  City 

5.11 

12.43 

23.49 

31 

Colorado  Springs 

14.84 

17.01 

19.18 

2 

(;olorado  Springs  Airport** 

8.59 

14.86 

25.63 

28 

Koiinla  i n 

8.43 

14.  14 

26.61 

32 

Fountain  (9  miles  MK) 

8.99 

13.36 

24.35 

1 1 

Penrose  ( j miles  NNW) 

4.70 

12.33 

20. 11 

28 

Pueblo  (3  miles  SW) 

8.25 

12.36 

15.57 

9 

Pueblo  (b  miles  SSW) 

8.45 

10.  12 

10.72 

3 

Pueblo  Airport** 

b.27 

11.36 

23.09 

22 

Pueblo  Army  Depot 

5.72 

10.47 

16.  16 

17 

Pueblo  Fire  Station  2 

8.85 

12.21 

15.51 

6 

Pueblo  Fire  Station  5 

13.05 

1 5 . 08 

17.93 

H 

Pueblo  Reservoir 

6.80 

11.05 

18.18 

20 

Butts  Airfield,  Fort  Carson 

8.69 

12.87 

19.07 

7 

* Precipitation  measured 
**  Precipitation  measured 

hourly, 
dally  (once 

per  24  hr) 

at  all 

stations , 

except  Colorado  Springs  Airport  and  Pueblo  Airport. 


ch  vir/i  is  blowing?. 


Table  7 

Wind  opeeds  for  Hed  Devil  and  Turkey  Creek 


Wind  Ijpeed,  midi 


Moiitti 

Total 

Hours 
of  Val  id 
Data 

Average 

Rang;e 

Total 

Hours 
of  Valid 

Data 

Average 

Range 

Hed  Devil  OtJition* 

Turkey 

Creek  Gtation** 

.Vov  75 

2ka 

11 

6-23 

250 

10 

3-2)4 

Dec  T5 

709 

11 

8-22 

UUl 

11 

2-23 

Jan  76 

7d5 

10 

5-15 

10 

7-16 

Feb  76 

670 

10 

0-30 

lOh 

10 

2-18 

Mar  76) 

706 

11 

1-23 

639 

12 

0-2)4 

Apr  76 

666 

10 

0-11 

718 

6 

0-15 

Red  Devil 

Oediment 

Basin* 

Turkey  Creek  Gediment 

Basin* 

May  76 

J4U8 

7 

i-ll 

U68 

5 

i-i3 

Jun  76 

696 

10 

0-15 

696 

t 

■U 

Jui  76 

7UU 

9 

l-lU 

7^)3 

t 

t 

Aug  76 

7U0 

10 

1-11 

7)42 

t 

t 

r,ep  76 

720 

9 

0-10 

686 

5 

0-9 

Oct  76 

325 

8 

0-10 

li45 

6 

1-10 

Nov  76 

32h 

9 

0-10 

270 

5 

0-13 

Dec  7 6 

7 

0-11 

35it 

A 

0-10 

Jan  77 

631 

9 

0-11 

t 

t 

t 

Feb  77 

255 

8 

0-11 

278 

7 

1-15 

M.ar  77 

t 

t 

t 

7i4i4 

9 

0-16 

• Wind  speedn  were  mea;;ured  at  a lioi;:ht  of  15  Tt  above  ground. 

**  Wind  speed:;  were  mea:;ured  at  a height  of  6 ft  above  ground, 
t Insufficient  or  no  vaibl  data  for  determining  monthly  average. 


T;ibi<;  8 

Muximuin  ool.'ir  Kadi  at  ion  I'or  Bed  Dt?vil  and  Turkey  Creek 


Maximum  Golar 

Had iat i on , 

Ly  ^ra  i n 

Monti) 

Total 
Houi'o 
of  Valid 
r)ata 

Avej-a):e  i-.aiK^e 

Total 
Hour.; 
of  Valid 

Data 

Av.-ra,',e 

Karii'.e 

Ked 

Devi  1 

station 

Tur 

key  Creek  i' 

Itation 

Feii 

76 

070 

1.07 

0.68-1.22 

103 

0.96 

0.91-0.98 

M'tr 

*(’6 

717 

1.31 

0.61-1.60 

669 

1.37 

0. 31-1.62 

Ai  r 

76 

663 

1.60 

0.60-1.67 

718 

1.62 

1 

d 

Ked 

Devil  Oediment  Kacin 

Turkey 

Creek  Gedi.ment  llanin 

May 

76 

U48 

l.UO 

0.66-1.57 

666 

1.50 

0.63-1.62 

r'Un 

76 

66). 

1.62 

0.32-1.63 

* 

* 

.’ui 

76 

605 

1.68 

O.77-L.73 

* 

Au(' 

76 

6Uo 

1.67 

0.61-1.66 

* 

Fep 

76 

682 

1.66 

0.68-1.71 

682 

1.  38 

0.66-1.69 

Oct 

76 

32)4 

1.38 

0.96-1.66 

165 

1.12 

0.77-1.31 

Nov 

76 

279 

1 .06 

0. 39-1.23 

276 

0.76 

0.65-1.13 

Dec 

76 

676 

1.09 

0.76-1.26 

356 

0.77 

0.55-0.82 

J?iri 

77 

).6J. 

1.15 

0.66-1.28 

* 

* 

1 


T.'ibie  <J 

Air  Tempo r.'jt.urtn-,  for  Hed  Devil  ari'l  Turkey  Creek 


Air  Temperuture, 


Montii 

Total 

liourr 

of  Valid 

Ilat  a 

Averap.e 

Ranj^ie 

Total 

Hour;; 
of  Valid 

Data  Averaiai 

RariKe 

Red 

Devil  Gtation 

Turkey 

Creek  station 

’lov 

2I48 

90 

2-62 

290 

29 

2-69 

Dec 

lb 

712 

bh 

l*-79 

390 

36 

3-'^0 

Jan 

!(■> 

736 

bb 

1-72 

193 

40 

10-66 

■■'el' 

76 

670 

60 

8-71* 

98 

43 

2-69 

Mar 

■|’6 

717 

99 

2-72 

699 

37 

-8-73 

Apr 

76 

660 

69 

21* -8 

718 

49 

19-79 

Red  Devil 

Cediment 

Ban  in 

Turkey  Creek 

Dediment 

Banin 

i'iay 

76 

1*  16 

70 

39-83 

1*74 

* 

Jun 

76 

696 

80 

1*0-98 

696 

Jul 

76 

IkU 

89 

92-102 

71*1* 

* 

Aur 

76 

719 

82 

90-92 

730 

Jep 

76 

720 

79 

38-99 

686 

79 

1*1-90 

Oct 

76 

329 

73 

32-81 

149 

70 

20-76 

iiov 

76 

'^Ib 

90 

20-72 

266 

40 

-10-70 

I)ec 

76 

671 

1*8 

20-61* 

396 

38 

9-99 

Jan 

77 

AA7 

90 

20-68 

** 

* 

Feb 

77 

299 

93 

20-69 

271 

90 

20-67) 

Mar 

77 

« 

','42 

60 

20-67 

» 


Irusufl’icicnt  valid  data  for  determining  montlily  average. 


M'f'KNDIX  A:  IIKU'MH:'  UIJKD  WITH  MANUALLY  Ol'KHATKU  AND  AUT'jM/iTKU 
FIKLI)  UTATIONG  AT  FOHT  CAHUON , COLOHADO 


I 


1.  Aii  ;:enjors  used  by  the  WFG  at  Fort  Ccurson  for  erivi  ronneutai 
data  collection,  tof^ether  with  appropriate  mathematical  conversions  of 
the  I'aw  field  data  into  engineering'  units,  are  described  in  the  follow- 
ing [)aragraph3 . 

Ha in fall 

2.  Rttiiifali  was  measured  continuously  with  a Weather  Measure* 
Mudt-'l  r-501  rain  gage.  Ail  internal  parts  are  aluminum,  chrome-plated 
brass,  or  stainless  steel.  The  rain  gage  has  an  8-in.-di;im  orifice 
protected  by  a heavy  brass  ring  and  uses  a tipping-bucket  mechanism 
coupled  to  a mercury  switch  to  produce  an  electric  output  signal.  The 
tijij ing-bucket  mechanism  (Figure  Al)  uses  balanced  polyethylene  buckets 
suspended  on  stainless  steel  pivots. 

3.  As  rainfall  enters  the  orifice,  it  is  drained  to  the  gage's 
interior  into  one  of  the  two  buckets  in  the  tipping  mechanism.  When  one 
bucket  is  full,  the  weig.ht  of  the  water  causes  it  to  tif)  and  the  second 
bucket  swings  into  place  beneath  the  entry  funnel.  A.;  <;ach  bucket  tips, 
tiie  water  draitis  out  through  the  bas<i  of  the  gage  wiu-re  it  can  be  ac- 
cumulated and  analyzed,  if  desired.  The  tipping  action  cause.;  a mercury 
switch  be-neath  the  tipping-bucket  inechanism  to  close  momentarily.  The 
gage  is  calibrated  such  that  one  switch  closure  is  produced  for  each 
0.01  in.  of  rainfall.  The  number  of  switch  closures  during  an  interro- 
gation interval  is  counted,  ami  the  total  is  transfeiu'ed  to  the  cassette 
tape.  Later,  appropriate  software  is  used  to  calculate  the  total  rain- 
fall (in  inches.)  for  the  interrogation  interval.  The  conversion  is 

Hainfall  = number  of  switch  closures  (counts)  for  the  specified 
recordin/^  period  x 0.01 


* Wi.-ather  Measure  Corporation,  Cacr-unento , California. 
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III'.,  Af i ’/.onu . 


Huiliutloti 

.'oirtr  r-id  Lat  i i/ii  wij  :ncu;-.u:-i‘ 1 with  two  M-itrix*  M.-fk  I- I Jol-A- 
'-I';'.  fKirur'c  A.’)-  'i'liit  u"  i ::  Cunpuooi  of  :'.ilicoii  phot.' .’Vol  t'lic 

:•  ...  j y ft;.  witfi  "t  ;:|  e'‘t  rttl  .‘■ron  . i'j  t"  ] . l.t  nn  with  it 

i '..■ti'  i ’ i V ity  !’  O.ht  tim.  It  i ;;  t'T.pt.'f  ttufw  coriiit,Ti.i'it(j  i {-i’.''’  to 

t.lt  'K)  .■till  (’••.•ii>-i-'it'';;  -t  millivuit  I'-irtiiil  outfiut  thiit  i;-,  pr  purtioiinl  to 
thi-  total  i ri'.' i'leiit  ftliati'ii.  Tho  coll  ii'  n-uiiti-.i  '.ui'lcr  a r'a/'r.eJ  I'yro.x 
h'.-iiii.'phi.r''  I’or  ;r<t"ctiori  anl  t.'ikoii  li.-o:;  th'Hi  1 mr.oo  I'of  iJ-lOO 
; -».•  re > 'Ii  t re;;  [tori . ; e . 


Interior  of  rt’-’tth'’r  Meit.iure  Miiep  1 -'^Oi  r-tin  r-tre  ohowiri,' 
1 1 f j.  i :i,--b'icket  mechan  i r;m 


(Orr.u  otJier  ch;i.ract,i.‘rljt  ic 


I’oilow 


non  1 ri'i 


1..  Cniibrutel  nceuficy:  perconl 


' . Tht*  .;ol -A-NIoter  cnn  be  u;;ed  to  mennure  (n)  incident  cudint  i.j; 
over  it.',  entire  t/nndw  L Itii  (i.e.  0.  un),  (b)  reflected  ftdintion 

by  Invi't-tinc:  tiie  nennor,  ■•ind  (c)  r.-idiation  in  .a  njiecil'ic  bandwidtii  by 
uniti,'  r[.eci!tl  filt’-r.:.  Only  incident  radiation  wa.:  meai'ured  at  Fort 
'■tr:  .n,  Coior-ido. 

Kacfi  :i.,l-A-Meter  wa.;  [ rec.'ii  ibrate-d  at  tile  factory  by  compari- 
.■.on  witti  a thennopi  b--t,yi)e  radiome-ter  in  brip.tit  sunr.hine  on  clear  day.;. 
An  ex;tinple  factory  calibration  curve  in  piven  in  Fipure  Ai. 

B.  'I'tie  ;;ip;n'tl  output  of  tlie  .amsor  i.;  re-lated  to  noiar  rad i -it  ion 


by  tile  foiluwinp,  eijuation 


R = av  + b 


rw 


where 

R = radiation,  Ly/min 

a = slope  i^0.02)  of  the  calibration  curve  (Figure  A'i),  which  is 
dependent  upon  the  individual  sensor 

V = output  of  sensor,  mv 

b = zero  offset  {»=0.0U),  which  is  dependent  upon  the  individual 
sensor 


FLp;ure  A.'i  Fxainple  calibration  curve  for  Matrix  Mark  T-0 

Sol-A-Meter 

Air  Temperature 


9.  Air  temjierature  was  measured  with  a Lockheed  (LEG)  Model  SIO8I 
sensor  (Fipiure  AU  ) . Thin  sensor  incorporates  a tiiermol  i near  thermistor 
network  as  the  sensin*^  element.  The  network  is  a composite  device  con- 
sisting/ of  resistors  and  thermistors  configured  to  produce  an  output 
resistance  tiiat  is  related  to  temperature  as  follows: 

Ah 


t 


1.8 


+ 32.0 


X 


whore 

t = temperature,  ”K 
Fi’^  = total  sensor  resistance,  ohms 
= 12,176  oiuns/”F 
= 127  olims/°F 

10.  The  sensor  enclosure  is  constructed  with  a triple  shield  that 
eliminates  tiie  effect  of  both  direct  and  reflected  solar  radiation  upon 
the  sensinj'  element.  A "chimney"  desip.n  creates  a smooth  flow  of  the 
ambient  air  around  the  sensing  element  without  forced  aspiration.  The 
temperature  sensor  produces  a linear  output  of  0-1. Ov  over  a tempera- 
ture sensor  range  of  -72°  to  +l40°F.  Characteristics  of  Model  SIO81 
temperature  sensor  are  given  below. 

a.  Temperature  range:  -72°  to  +litO°F. 


Figure  Al*.  The  LKC  Model  2.1081  air-temperature  sensor 

kb 


b. 


Ty 


_ ChI  ibrrit.fii  •iccur-icy: 
o_.  ik-tu; itivity ; L2T  ofun.'./^f''. 

’.1.  Air  toni'i.-rriture  (in  ”K)  i r.  ‘iotenni ned  by  th*j  I’ollow i n;' 
rquHt ion : 


Air  tomperature  = 


/Kecoried  valuo  - UOo\  , o 

\ To  ) ■ 


+ 32.0 


wtiere 


Ago  = zero  offset  constant 


Wind  Speed 


12.  Wind  speed  was  measured  at  6.5  ft  above  rround  level  con- 
tinuou.sly  with  a Climet*  Model  011-2B  wind-speed  sensoi-  (Figure  A5), 


Fi^fure  A5.  Cl i met  Instruments  Model  011-2B  wind-speed  sensor 


* Clim<,-t  Instruments,  Cunnyvale,  California. 


A6 


•icourate , durabio,  j- ’up-type , 0-  to  lOO-mph  atu-'inoinetoi'. 


Ao  tho 


•ineinomoter  rotatei;,  it  activatca  a ;',ealed  iiiaraetic  med  awitch  by  meana 
of  a maKtiet  attached  to  the  aonaof  ahaft.  Tlie  output  aip.nal  ia  a aeriea 
of  cotitact  cloaures  at  a froquency  proportion.al  to  wind  apeed.  Reli- 
ability of  the  aensor  ia  enaured  by  incorporation  of  ruf^ged  rnaterial.a ; 
n;imely,  I.exan  anemometer  cupa,  a .tainleaa  ateel  shaft.  Teflon-sealed 
atainleaa  ateel  bearings,  cast  and  machined  anodized  aluminum  housing, 
etc.,  and  careful  selection  of  seals  and  weatherproof  connectors. 

13.  Detailed  characteri  at  ica  of  the  wind-speed  .sensor  are  as 
follows : 

Range;  0-100  mpli. 

b.  Calibrated  accuracy:  percent  or  0.2^  mph,  whichever 

is  greater. 

c_.  Output:  2 switch  closurea  per  revolution. 

ll.  The  switch  closurea  during  each  pre::elected  .sampling  time 
ititerval  are  counted,  and  the  total  number  is  transferred  to  magnetic 
tape,  tm  average  apeed  over  the  time  interval  (in  mph)  ia  then  obtained 
by  ap{>lying  tiie  appropriate  constant  in  the  etjuation; 

Average  wind  apeed  = numbei’  of  switch  closures  x (Xj^) 

wiii.-re 

X.  = tiie  constant  for  time  interval  i 

i = time  interval  in  minutes;  for  i = 15  min,  X = 0.001753  ; for 

i = 30  min,  X = O.OOO876  ; for  i = 60  min,  X = 0,000^38 

Wind  Direction 

15.  Wind  direction  was  measured  at  6.5  ft  above  ground  level 
by  a Climet  Model  012-2B  wind-direction  sensor  (Figure  A6),  which  is  a 
companion  to  the  011-2B  wind-speed  sensor  (Figure  A5).  An  airfoil  wind 
vane  and  precision  potentiometer  assembly  deliver  a resistance  analogous 
to  the  azimutii  bearing  from  which  tiie  wind  is  blowing.  Tiie  wind- 
direction  aensor  is  made  of  the  same  rugged  materials  and  lias  tiie  same 
type  of  seals  as  tiie  wind-speed  sensor. 


Ai' 


?'if.'urc  A6.  Cliinet  Instruraent:;  Model  012-2B  wind-direction  sensor 

16.  Detailed  characteristics  of  the  wind-direction  sensor  are 
listed  below. 

a.  Mechanical  azimuth  range:  0-'j6o  deg. 

Klectrical  azimuth  range:  0-35^  2 deg. 

c_.  Calibrated  accuracy:  _+b  deg. 

Resolution:  0.3  deg. 

e.  Minimuiii  wind  speed  for  direction  rntrisurement : 1.23  riph 

17.  A sensor  outi'ut  of  13,000  oiims  coi-responds  to  an  azimutii  of 
0 deg  (tape  value  = O),  and  3,000  ohms  corresponds  to  an  azimutii  of 
336  deg  (tape  value  = 712).  A "dead  batid,"  33'(’-339  deg,  exists  for 
wiiich  tile  sensor  iia.o  no  output,  and  ail  azimutlis  in  this  I'ange  are 
interpireted  as  33B  deg.  Tiie  conversion  of  tiie  recorded  tape  value  to 
wind  direction  in  degrees  from  nortii  (clockwise)  is  expressed  as: 


Wind  direction 


recorded  tape  value 
2 


A8 


Lcvfl 


i8.  A'ltt-r  It'Vfl  wi;:  r.'ie.M:Jurc  i with  'i  Urjivr-r:;ul  Kii/:  ini-f.-r'.- J 
Moii'.’l  T-'ih  I’ln; itio!i  watur-IevL"!  .'lenoOr  (FLf.',ur(;  AT)  'irid  otiil  W'.'ll. 


Firure  AT-  Uni  verbal  Krn'iifi'-'freil  Uyntem.';  Moiiel  T-66  wnter-levei  .■:f.'ri;30r 

i ».  Aj  inatnllr"'!  in  the.-  fieitl,  t!io  wit* .r-ievcl  nennor  (Model  T- 
'•  ! i.;  nunnt'.-d  on  n iior  ii’^oritnl  pint  form  nbove  tiie  water  nurfaee  to  be 
■a.-.i.-e  1 . A polymer  I'ioat  r'uien  on  tiie  water  nurl‘ai.-e  and  in  c 'uneotei 
!y  a .•talnL'.-nn  nteei  tape  to  the  tape  wheel  and  ('•.earbox,  whioh,  in  turn, 
P';.:ition  a pi’eciuLon  [lOtiuit  iometei'  an  tiic  watiU’  rinen  an  i I'all.'.  )pti- 
rrx':.  r.e-n.:  i t i v I ty  i::  jirovided  liy  antibacklanh  tjear’.;  and  precir.ion  r.tairi- 
If;;.;  ;:t'*'.-i  bi-arintp;.  The  T-66  in  containeti  in  ati  all-weatlier  eant 
ai'iminum  ».‘ncioi;ure  and  ban  a tripod  mountitn’;  for  Ji'Vel  adjur.tment. . Tiie 
functioii  if  tin-  ntili  well  i;;  to  pr-ovide  a plane  nurfaet;  fre*-  •!  rii'i’ien 
Ui'On  wtiicii  the  float  can  ride. 

20.  C!iaract(-‘r  i St  ion  of  tlie  '1-66  water-level  sensor  are  ar.  I'ollown : 
a.  Han(;e  at'  m(?a.s urf. ‘men t n : 0-10  ft. 


* Universal  Kiu'irieered  Uystemn,  I'leasanton,  California. 
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rrt  1 i accufacy  : 0.2  pcTcent. 

c_.  lu',  i t i V i ty  : 0.05  p(;rc(.'nl. 

_i_.  Hesir.tunce:  pott’ntiometGr , 10,000  to  15,000  olims. 

Flo.-ito : oxtruiie'i  pol:,Tni,'r,  12  in. 

_f.  Ot.'mdar'd  tape  wlieul : 2-ft  circuinl'erence;  al'amiriuin  with 
GtainlesG  atoel  indexirij;;  pins  spaced  6 in.  apart. 

r.  Pi mens  ions : 9 in.  wide  by  l8  in.  hiRh  by  9 in.  deep. 

h.  W(M  ;-:tit : approximately  20  lb. 

21.  Tile  T-66  linear  resistance  range  of  10,000  to  15,000  ohms 
corresponds  to  a range  of  100  to  900  mv  recorded  on  tiie  map^netic  tape. 
Tile  following  eiiuations  were  used  to  compute  water  level  (W  ),  in  ft, 

ij 

in  the  two  Fort  Carson  sediment  basins: 

W = (recorded  value  - lOO)  0.033  for  tiie  Turkey  Creek  site 

Ij 

ft  = (recorded  value  - iOO)  0.025  for  the  Red  Devil  site 
L 

Water-Quality  Sensors 


22.  Two  different  sensor  packages  were  used  by  tiie  WKC  on  Clover 
Ditcii  to  ueterrr.ine  selected  ciiaracter  ist  ics  oi‘  the  ."ui'face  waters.  At 
site  10  ori  Clover  Ditcii  at  wtiicii  tiie  WKLi  automated  field  station  was 
establisiied  on  20  November  1975,  a Martek*  Mark  V water-ijual ity  sensor 
package  (Figure  A8)  cont.aining  sensors  for  measuring  pli , conductivity, 
temperature,  and  D.O.  was  used.  For  the  manual  station  tiiat  was  estab- 
lisiied at  site  on  Clover  Ditch  on  20  November  1975,  a Martek  Mark  II 
sensor  package  (Figures  A9  and  AlO)  containing  the  same  four  types  of 
sensors  wa.;  used  until  the  WKG  installed  an  automated  field  station  at 
site  6 on  5 May  1976.  At  the  time  tiie  automated  field  station  was 
established,  a Martex  Mark  V .sensor  package  was  installed  at  site  6, 
and  tiie  Martex  Mark  !I  sensor  package  was  moveii  to  anotiier  location  at 
Fort  Carson. 

23.  Tiie  Martex  Mark  II  and  V sensor  packag.es  (pH,  conductivity, 
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i lie  lu  it’d  it!  the  pH  'unplit’ier  circuit. 

2b.  Tlie  two  Martek  Inr.trumenta  uaed  by  ttie  WE;j  are  -haracter  i zed 

below . 


Mark  II  Mark  V 


Ran^e,  pH  0-12  0-12 

Calibrated  accuracy,  pH  ^0.1  ;+0.0'i 

Resolution,  i)H  0.01  0.01 

Operating  tenperature  rani^.e,  °F  0-122  0-122 

Output,  mv  0-500  0-1000 


27.  Sipnal  conditioning:  I'or  the  Mark  V pH  sensor  was  set  up  so 
t.hat  the  output  ranRe  is  from  0 to  1000  mv  recorded  on  the  cassette 
tape.  The  taF^e  value  is  converted  to  pH  by  the  followinr;  computation: 


pH  = recorded  value  x O.OII+ 


Dissolved  oxygen 

28.  Martek  polaroRraphic  D.O.  sensors  are  used;  each  consists  of 
a silver  anode  and  a Kold  cathode  enclosed  in  a PVC  ({lolyvinylchlor ide) 
iiou.: ; Ilf-’ . A solution  of  potassium  chloride  is  used  as  the  electrolyte. 

A membrane,  permeable  to  oxygen,  is  placed  over  tlie  cathode.  The  mem- 
brane material  is  a special,  tough  Teflon,  which  has  the  characteristic 
ultrasmootii  surface  tiiat  helFis  F^^'event  foreign  materials,  sucii  as 
::iudge,  .slime,  grease,  and  marine  organisms,  from  clinging  to  it.  Aside 
from  diffusing  oxygen  and  ottier  gases,  it  effectively  stiields  tiie 
catiiode  and  anode  from  contamination,  F’t’olonf'ing  their  service  life. 

Wiien  oxygen  diffuses  tiirougli  the  membrane  to  the  cfitliode,  a ciiemical 
reaction  takes  place: 


0^  + DHgO  + le — )f0H 

Tile  related  reaction  at  the  silver  anode  in  tiie  electrolyte  cliamber  is 


All* 


l*Ag  + ItCl 


1+AgCl  + l*e 


in  '1.  currt.Ti*.  flow 


A volt'if'o  .-ipplif'i  'icro;;a  thp  two  ciectro'lo;;  ro:!alt.''. 
tf.Ht  ii!  i rupoft  ion.'tl  to  tho  parti-xL  prenr.ui'c  of  oxyr.cu  nt  tho  proto 
tip,  nnd  tiio  I'.oiuJor  prO'luce::  nn  output  ;;if;n<'ii  u;;  lonr  'ir.  tiio-  '.-loctrolyto 
iu  expooei  to  oxyron.  A pu'Ou;;urf,‘-e<iuui i z i nr  'liupfirarm,  on  tho  uMo  of 
the  probo  nourinr,  flc'xcu;  ug  neouGGary  to  proviie  pu’onr.ur'j  (“'pial  i z’lt  Lon 
acrosG  thu  Teflon  memlrane  (in  between  tiie  water  G.-unpie  .and  tiie  electro- 
lyte ch.:mber),  wiiicii  Lg  neceGGary  w'nen  a oloced  electrolyte  ch'unber  in 
oj'erated  to  and  from  water  deptliG  up  to  ft. 

29 • The  two  Gensor  pachaf^en  (M.artek  Mark  IT  airi  V)  are  primarily 
intended  for  uoe  in  natural  water  bodieG.  Tin-  Mark  TI  providec  fact 
responGe  to  chanres  in  D.O.  level  beca\ise  of  tiie  une  of  a npecial 
Gtirrer  mechanicm  and  a very  thin,  rapidly  renpondinr  membrane.  A 
similar  fast  response  is  obtained  with  the  Mark  V by  use  of  a special 
scraper,  which  is  actually  more  effective  in  preventinr  contaminat ion 
of  tlie  [irobe  tiian  is  the  stirrer. 

30.  A separate  underwater  temperature  probe  supplied  with  the 
Martek  units  is  used  to  measure  water  temperatui’e  for  tiie  primary  pur- 
pose of  calibrating  oxygen  partial  pressure  values  (as  sensed  by  the 
D.O.  probe)  in  terms  of  ppm.  The  temperature  probe  uses  a f.actory- 
calibrated  and  a^^ed  disc-type  thermistor  witii  a time  constant  of  ap- 
proximately 10  sec  as  tiie  sensing  element.  It  forms  part  of  >m  automatic 
teraperature-comja'nsat ion  circuit,  wliicii  corrects  D.O.  readings  for  both 
temperature  effects  on  the  oxygen  probe  membrane  permeability  and  varia- 
tion in  oxygen  solubility  in  natural  waters  as  a function  of  temperature. 

31.  The  two  Martek  D.O.  sensors  are  compared  below. 


Range , ppm 

Calibrated  accuracy,  ppm 
Resolution,  ppm 
Operating  rang,e,  °F 
Output,  mv 


Mark  11 


0-2,  0-10,  0-20 
^.0%  of  full  scale 
0.05 

0 to  +10^4 
0-500 


0-20 

+0,05 

0.01 

-22  to  15a 
0-1000 


32.  nignal  conditioning  for  the  Mark  V D.O.  sensor  was  set  up  so 
that  it  produces  a 0-  to  1000-mv  outjmt  for  0-  to  full-scale  input  from 
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t-iu'  D.O.  Th>'  I’ecorJt*'!  tap*.-  v.'iiu«  It:  converted  to  D.O.  in  ppm 

iy  tfie  i- pant  ion: 

D.O.  = rocoinled  value  <<  0.02 


Vv'ater  conduct  iv  iti 


ii.  KLectroiytic  con.luct  i vity  of  solution;;  iu  a nutmpecii’ic 
.mear/ai’ement  of  tlie  ion:?  in  a r.olution.  Tiie  values  obtained  are  a l‘’inc- 


tion  of  tiie  number  of  ions,  tiieir  electrical  ciiar^e,  and  ttieir  rate  of 
movement,  whicii  is  also  a function  of  temperature  and  the  nature  of  t.he 
ion.  Moreover,  tlie  map;nitude  of  the  temperature  effects  is  diJ'ferent 
for  the  different  ions  and  charif'es  with  concentration.  Finally,  it 
should  be  pointed  out  that  the  conductivity  is  not  a linear  function  of 
tile  number  of  ions  in  tlie  solution.  For  exfunple,  the  use  of  electrical 
conductivity  to  obtain  the  exact  concentration  of  salts  in  solution  is 
restricted  to  solutions  of  known  compositions  sucli  as  seawater.  Wiien 
;?eawater  is  diluted  by  fresh  water  such  as  in  an  estuary,  errors  caused 
by  cliaib^es  in  salt  composition  and  dilution  will  result  in  less  tiian 
accurate  results.  The  use  of  conductivity  data  in  very  dilute  solutions, 
as  in  i’resii  water  to  obtain  concentration  of  dissolved  salts,  is  an 
estimate  at  best.  Tills  measurement  is  based  on  a vai'iation  of  Olim's 


law : 


Conductance  in  pmiios 


current 

voltage 


Tiius , if  ttie  voltage  drop  across  two  electrodes  is  kefit  constant,  con- 
ductance is  directly  proportional  to  tiie  current  tlirough  the  cell.  Tliis 
is  the  j^rincipde  employed  in  the  Mark  II  and  Mark  V packages. 

iU.  Tiie  conductivity-measuring  circuit  in  the  Mark  11  and  Mark  V 
units  consists  of  a very  closely  regulated  1000-llz  sine  wave  generator, 
wiiicii  feeds  its  output  (o.tiv)  to  tiie  conductivity  cell.  The  current 
jiassing  ttiroufdi  tiie  ceil  is  fed  to  a current-to-voltage  converter,  wiiere 
it  in  ciiangei  to  an  a-c  voltage  proportional  to  conductance.  This  a-c 
voltage  in  tlieii  convrted  to  a [lulnating  d-c  voltage  by  a jiiiase  iletector. 
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•iiid  ttie  ruijult  iiif;  volt‘i/'e  crin  be  read  on  a display  meter  supplied  wit^h 
tin.'  Mark  II  and  Mark  V and,  by  nuitable  niKnal  conditioninr,  nlmultan- 
eounly  output  to  tin;  field  station.  oitiee  the  phar.e  detector  i r.  r.enni- 
tive  only  to  that  part  of  the  nif^nal  t.hat  ir.  in  pihane  with  the  afjplied 
voltaf-',e,  the  overall  circuit  reea  only  the  cell  renintance,  not  the  cable 
capacitance,  which  would  cau;:e  larf^e  ei'rorc.  I'he  conductivity  ceil  han 
larj-ie  nickel  electrodes,  which  are  coated  with  piatiruu!.  black  to  increase 
tile  sui’face  area,  ri-duciny;  resistive  effects  at  the  electrode  surfaces. 

Ciiaracter  ist  i cs  of  tiie  two  Martek  conductivity  sensors  are 
listed  below. 


Mark  II Mark  V 

Hanpie,  umhos/cn  0-100,  bO,  25,  10,  5,  2.5  0-1000  or  0-100 

Calibrated  accuracy  2%  of  full  scale  or  ^0.5  pmhos/cn 

Hesolution  0.1%  of  full  scale  1.0  or  0.1  umhos/cm 

36.  OiKnal  conditioning  for  the  Mark  V conductivity  sensor  was 
set  to  produce  a recorded  output  of  0 to  l.Ov,  analogous  to  0-  to  t’uJ 1- 
scale  sensor  output.  Tiierefore,  the  recorded  value  equals  conductivity 
in  pmhoa/cm,  and  no  conversion  is  required. 

Water  temperature 

37.  Water-temperature  sensors  are  included  in  both  of  the  Martek 
sensor  packai'es,  but  two  different  tranducers  are  used.  The  Mark  II 
uses  a thermistor,  and  tlie  Mark  V uses  a thermol inear  array. 

38.  The  following  are  the  characteristics  of  the  two  Martek 
temjierature  sensors: 


Harif^e,  °F 

Calibrated  accuracy, 


Mark  fl 

0 to  +10h 
+0.5 
0.01 


Mark  V 


+23  to  +113 

+0.1 

0.01 


Hesolution,  °i 

39.  Ci^'nal  conditioning'  for  the  Mark  V water-temperature  sensor 
was  set  up  to  produce  a ranj.'e  of  0 to  l.Ov  recorded  on  the  map, net ic  tape 
for  0-  to  full-scale  output  ol‘  the  sensor.  The  conversion  to  water 
temperature  in  °F  is  obtained  as  follow::: 


Water  temperature  = [(recorded  value  « 0,0^*5)  x 1.8]  + 32.0 
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In  accordance  with  letter  from  1)AI;N-RIK\  I^AF,N-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


West.  Harold  W 

1 nv i ronment a I baseline  descriptions  lor  use  in  the  management 
of  Fort  liarson  natural  resources;  Report  2:  Water-quai  ity , me* 
teorologic,  and  hydrologic  data  collected  with  automated  field 
stations  / by  Harold  W.  West,  Herman  M.  Moyd.  Vicksburg, 

Miss.  : II.  S.  Waterways  l-xperiment  Station,  19‘’7. 

4!^,  17  p.  ; ill.  ; 2^  cm.  (Teclinical  report  - U.  S. 

Army  Fngineer  Waterways  l.xperiment  Station  ; M-?"*-!,  Report  2) 
Prepared  for  Directorate  of  Facilities  and  engineering,  Fort 
Carson,  Colorado,  and  Office,  (diief  of  Ingineers,  H.  S.  Army, 
Washington,  I).  C.  , under  Project  4A1  (»2 1 2 1 AH90 , Task  1)1.  Work 
Unit  000. 

I.  Data  collection  systems.  2.  F.nv  i ronment  a 1 data.  ?•.  l.nvi- 
ronmental  management.  4.  Fort  liarson,  Colo.  S.  Hydrologic 
data.  b.  Instrumentation.  I.  Floyd,  Herman  M. , joint  author. 

II.  Fort  Carson,  Colo.  Directorate  of  facilities  and  Inginccr- 
ing.  III.  United  States.  Army.  Corps  of  engineers.  IV.  Series: 
United  States.  Waterways  I xperiment  Station,  Vicksburg,  Miss. 
Technical  report  ; M-77-4,  Report  2. 

TA7.W!^4  no. M-77-4  Report  2 


